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Abstract 
Pressure has been applied to earth’s biodiversity through loss and 
fragmentation of habitat, over-harvesting and the spread of invasive species 
and pathogens.  Amphibians in particular have suffered significant declines 
and many species are now threatened with extinction.  Furthermore, frog 
conservation programs are often hindered by insufficient ecological 
knowledge and data on basic calling patterns for many species is lacking.  As 
such, the ability to develop survey programs that can adequately detect 
cryptic and rare frog species is essential information.  
The pouched frog, Assa darlingtoni, is a small, threatened, ground-dwelling 
frog that occurs in south-east Queensland and northern New South Wales, 
Australia.  It is predominantly found in rainforest and wet-sclerophyll forests 
at altitude, usually under rocks, logs and leaf litter. While the pouched frog’s 
unusual breeding behaviour has been well studied, many aspects of its 
ecology remain unclear and the best survey methodology for this highly 
cryptic species has not been established. 
This project aimed to determine the most efficient method for surveying the 
pouched frog and to provide information on the calling activity of the species 
both temporally and in response to environmental variables such as rainfall, 
temperature and humidity.  A range of survey methods were tested including: 
aural surveys, pitfall trapping, ground searches and a novel flagging strategy. 
Automatic sound recording devices were also installed at eleven sites across 
Conondale, Springbrook and Lamington National Parks to examine the 
calling activity of the species.  Data on temperature and relative humidity 
were also collected and habitat characteristics (percent cover of grass, roots, 
rocks, leaf litter, bare ground, leaf litter depth and soil moisture) of the sites 
were surveyed.   
While all the methods employed here successfully detected pouched frogs, 
the success rate relative to effort was very low.  The novel flagging strategy 
was the most effective, but the results were highly dependent on timing and 
weather.  Analysis of the sound recordings revealed that the best time to 
survey for the species was dawn and dusk from August to January with very 
iii 
 
little calling activity occurring outside these times.  Rainfall tended to increase 
calling activity, but generally only within the peak calling months. Average 
monthly rainfall was not a good predictor of calling activity.  The effects of 
temperature and relative humidity were limited and no strong relationships 
were found between calling activity and the habitat variables I examined.    
Prior to this study, no systematically collected data were available on the 
calling patterns of the pouched frog, Assa darlingtoni.  Automatic sound 
recorders have allowed the collection of a large dataset on the diurnal and 
seasonal patterns of calling in the pouched frog.  Results of this study are 
critical for future monitoring of the pouched frog because better targeted 
surveys can now be implemented allowing more reliable detection of the 
species.  Similar studies for other anuran species would be beneficial, 
especially those that are cryptic in the field.   
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Chapter 1: Introduction  
 
Background 
Pressure has been applied to Earth’s biodiversity primarily through loss and 
fragmentation of habitats, over-harvesting and the spread of invasive species 
and pathogens (Ehrlich and Wilson 1991).  These threats have caused the 
extinction of thousands of species and greatly reduced the populations of 
many others with significant implications for the future evolution of life on 
earth (Woodruff 2001).  The degree to which ecosystems have been 
impacted by anthropogenic factors often makes human intervention essential 
for the survival of many threatened species (Woodruff 2001).  While, 
populations in protected areas may appear stable, larger populations are 
becoming increasingly fragmented resulting in multiple smaller populations 
which have a greater chance of extinction than the population as a whole 
(Wilcox and Murphy 1985).        
Small population size and extinction 
 
Understanding factors that drive species to extinction is essential knowledge 
in conservation biology.  Demographic stochasticity theory shows that for 
very small populations, changes in abundance become more closely tied to 
chance than the normal reproductive rate of the species (Roughgarden 
1975).  Small populations are more sensitive to the effects of environmental 
stochasticity, such as fluctuations in weather, the abundance of predators, 
parasites and diseases, increased competition and natural catastrophes such 
as fire and drought (Shaffer 1981).  The Allee effect demonstrates that higher 
density populations tend to benefit from increased fitness (Courchamp et al. 
1999) and the smallest population size that can avoid extinction due to these 
effects is referred to as  the minimum viable population (MVP), but this 
number varies depending on the habitat requirements and reproductive 
behaviour of the species (Shaffer 1981).  Genetic factors also play a critical 
role in species extinction (Frankham 2005; O’Grady et al. 2006; Spielman et 
al. 2004). The maintenance of genetic diversity enables a species to adapt to 
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changing environments and avoid the negative effects of inbreeding 
depression (Frankham 2005; Spielman et al. 2004).  However, when 
populations are small they may be subject to frequent local extinctions 
(McCauley 1993).  It is impossible to predict the negative effects of small 
population size for a threatened species if a monitoring program is not 
undertaken and/or if the species cannot be reliably detected.  
 
Detectability 
Conservation programs are often hindered by insufficient ecological 
knowledge of many species (Caughley and Gunn 1996, Parris et al. 1999b).  
Cryptic or rare species sometimes go undetected even in well studied sites 
(MacKenzie et al. 2004).  Therefore, information on detectability is essential 
when studying the distribution or abundance of any species (Mazerolle et al. 
2007) as it is important to establish if differences are due to changes in 
activity or abundance, inadequate detection due to inappropriate survey 
methods or cryptic behaviour (Scherer 2008). 
Parris et al. (1999b) conducted preliminary studies comparing different 
survey strategies in south-east Queensland.  However, other studies 
systematically comparing the effectiveness of different frog survey methods 
are rare. Frogs in particular, are difficult to detect because of seasonal 
variation in population abundance and cryptic behaviour (Heyer et al. 1994).  
Frog species that are not stream-dependent can present an even greater 
challenge for field surveying as their movements are not centred on streams 
(Heyer et al. 1994) Most anuran species can be readily identified by their 
vocalisations (Gerhardt 1994).  As such, frog researchers often rely on aural 
surveys for estimating distribution and abundance of visually cryptic species 
due to the ease of implementation and relatively low cost (e.g. Royle 2004, 
Pellet and Schmidt 2005). However, variation in environmental conditions 
can impact significantly on the successful detection of different species using 
this method (Dostine et al. 2013, Wassens et al. 2016).  Seasonal variation in 
activity levels due to periods of dormancy and hibernation can greatly impact 
rates of detection or bias surveys towards certain species (Chan and 
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Zamudio 2009, Wassens et al. 2016) and the duration of call surveys can 
also be an important factor for both successful detection and the total number 
of species recorded (Pierce and Gutzwiller 2004). Because calling activity 
can vary temporally, the time of day a survey is conducted can be crucial 
(Gillespie and Hollis 1996).  As such, long term information on how calling 
activity varies temporally, seasonally and in relation to environmental 
variables such as temperature and rainfall is essential to develop a 
successful survey methodology for frogs that cannot be easily detected using 
visual searches or other strategies.  
 
Threats faced by amphibians 
 
Amphibians in particular have suffered significant declines. Estimates 
suggest that a third of all amphibian species are at risk of extinction (Stuart et 
al. 2004), and that the current loss of species could be as high as 211 times 
the background extinction rate (McCallum 2007).  The list of threats to 
amphibians are many, and include loss of habitat (Brooks et al. 2002), 
spread of invasive species (Adams 1999, Kats and Ferrer 2003), 
environmental contamination (Dunson et al. 1992, Relyea et al. 2005) and 
climate change (Keith et al. 2014).  However, the majority of recent 
amphibian conservation studies have focussed on the spread of a pathogenic 
and highly transmissible fungus known as Batrachochytrium dendrobatidis 
(Bd).  Bd has been implicated in the extinction or decline of a large number of 
amphibian species (Skerratt et al. 2007, Venesky et al. 2014).  Yet, some 
species persist despite Bd infection, and others may be exhibiting signs of 
recovery (Venesky et al. 2014).  Terrestrial frog species also tend to be less 
likely to be infected with Bd (Kriger and Hero 2007).  Furthermore, 
interactions between various threats could be important in the decline of 
many amphibian species (Hof et al. 2011).  Consequently, it is essential to 
continue to monitor and understand other threats to amphibians.   
Conservation programs in Australia are often hindered by insufficient 
ecological knowledge of many species (Parris et al. 1999b).  Basic 
information on distribution, population size and habitat requirements are often 
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unavailable for many amphibians (Gillespie and Hollis 1996).  Thorough 
surveys of Australian amphibians are required for their long term 
conservation (Parris et al. 1999b).  Given the scale of the problem and 
scarce conservation resources, it is important to develop cost-effective and 
efficient methods for surveying frogs so as to be able to effectively monitor 
changes in abundance over time.  Amphibians that are cryptic in the field can 
be poorly represented in the literature and as such, factors important to their 
conservation are sometimes unclear.  Developing better strategies to both 
survey cryptic amphibian species and better understand their ecology is 
important for their long term persistence.    
 
Ecology of the pouched frog 
The pouched frog, Assa darlingtoni, is a small (snout vent length up to ~2.5 
cm, weight up to 1g) ground-dwelling frog that lives in litter, under rocks and 
logs in subtropical rainforest in south-east Queensland and northern New 
South Wales (Ingram et al. 1975).  The species distribution is disjunct from 
the Conondale and Blackall Ranges in south-east Queensland to Dorrigo 
National Park in north-east New South Wales, with populations in between 
on the D’Aguilar, Main, Gibraltar and Border ranges (Hines et al. 1999)(Fig. 
1).  It is the only species in the genus Assa.  Formerly placed within the 
genus Crinia, a new genus was erected following a review of morphology and 
to account for the species unique breeding strategy (Tyler 1972).  Breeding is 
entirely terrestrial (Ingram et al. 1975).  Males possess bilateral brood 
pouches or “hip pockets” which can accommodate young at varying stages of 
development (Straughan and Main 1966).  A mass of approximately ten eggs 
are laid in leaf litter (Straughan and Main 1966), males stand in the middle of 
the egg mass and the tadpoles wriggle their way into the pouches where they 
undergo metamorphosis (Ingram et al. 1975).  Preliminary investigations 
suggest males call year round and at any time of day, predominantly in 
response to rainfall (Ingram et al. 1975, Lemckert and Mahony 2008), 
although calling may be less frequent from June to August (Lemckert and 
Mahony 2008).  Because of its unique breeding strategy, the reproductive 
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biology of the species has been quite well studied, but very little published 
information is available on the ecology of this species.  There is no 
information available on population size, structure or dynamics (Hines et al. 
1999).     
 
Figure 1: Distribution of the pouched frog (Hines et al. 1999). 
 
The pouched frog is listed as near threatened in Queensland and vulnerable 
in New South Wales.  The species is considered to be at low risk of extinction 
because most of its remaining habitat occurs in protected areas (Hines et al. 
1999).  However, recent modelling suggests that it may be susceptible to the 
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effects of climate change (Keith et al. 2014).  Given the sizeable knowledge 
gaps, other factors which may be important to the long term survival of the 
species have not been considered.  The impacts of high volumes of visitor 
traffic, feral species and edge effects for populations in isolated patches have 
not been considered.  In particular, a basic understanding of the specific 
habitat requirements of the pouched frog is necessary to establish threats to 
the species in the future.  
Pouched frogs tend to be found under logs, rocks and litter (Ingram et al. 
1975) suggesting that cover is important. However, outside of these 
requirements little is known about the fine scale habitat preferences of the 
species.  Furthermore, the terrestrial breeding habits of the species make 
them subject to pressures that differ from many Australian frog species as 
eggs and tadpoles may be subject to desiccation.  Given the small size of 
pouched frogs and the lack of field based studies due to cryptic colouration 
and behaviour (Lemckert and Morse 1999) (Fig. 2.), reliable methods for 
surveying this species have not been determined. 
 
Figure 2: Assa darlingtoni in typical leaf litter habitat.   
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Objectives 
This study examined the issue of detectability in a cryptic, threatened frog 
species, Assa darlingtoni and addressed the following questions:   
 What is the best survey method for the pouched frog? 
 What are the effects of temperature and rainfall on the calling activity 
of the species? 
 Does the activity of the species differ temporally, both diurnally and 
across a year? 
 When should pouched frog surveys be conducted? 
 
This study consisted of three field based components: 1) preliminary field 
visits for site selection for further study, 2) a pilot study trialling various 
techniques to determine the most efficient methods for surveying for the 
pouched frog, and 3) approximately 14 months of sound recording across 
three national parks in south-east Queensland. In addition, computer based 
analyses were conducted following the field components of the study. 
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Chapter 2: Pilot Study 
 
Introduction 
Methods for detecting and studying frogs 
Time of year, weather and survey effort can all affect the success of frog 
survey programs (Heyer et al. 1994). Furthermore, there is little information 
available on the effectiveness of different techniques for studying amphibians 
across different habitat types (Osborne and McElhinney 1996).  It is therefore 
important to develop a strategy that is appropriate for the species of interest.     
The simplest strategy that has been employed to monitor frogs is an aural 
survey.  This involves going to the sites of interest, listening and counting the 
number and species of frogs heard (Osborne and McElhinney 1996).  This 
may involve triangulating the location of calling frogs and is a time and labour 
intensive process requiring three observers for accuracy. While this can be 
an effective strategy, some species only call at certain times of day, so if the 
survey time doesn’t fall in this window the species will not be detected (Parris 
and McCarthy 1999).  Furthermore, the data will be limited to males because 
females do not vocalise.  Automatic sound recording devices have become a 
popular strategy employed for detection of vocalising species, but are not so 
easily utilised for abundance studies. Acoustic methods will be discussed 
further in chapter 3.  Stream transect searches involve walking a predefined 
transect along a stream and counting the number of individuals present 
(Heyer et al. 1994).  Because they require visual identification of individuals 
they are limited to larger species which can be more easily spotted.  A 
combination of aural searches and spotlighting may be most effective, but is 
still susceptible to variation in weather and timing (Heyer et al. 1994).  Pitfall 
trapping can be suitable to overcome these shortfalls because the traps can 
be left open for several days and simply checked morning and evening 
(Heyer et al. 1994).  Pitfall trapping involves the installation of a pit or bucket 
in the ground which animals simply walk over and fall into.  Sometimes a line 
of fencing that directs animals to the buckets is added to increase the chance 
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of capture (Heyer et al. 1994).  However, pitfall traps are only suitable for 
capturing small or ground-dwelling species that cannot hop or climb out of 
the traps (Dodd Jr 1991).   
There have been few studies that have evaluated different frog survey 
strategies in a systematic manner in Australia.  Parris et al. (1999b) 
compared the efficacy of stream strip transects, pitfall traps and automatic 
sound recording devices for surveying frogs in the Blackall ranges.  They 
found stream strip transects recorded the greatest number of species.  
However, sound recorders were almost as effective and they noted that the 
short time frame of stream searches limits the chance of detecting species 
more active at other times of the day.  Pitfall traps performed relatively poorly 
in their survey, detecting only two species and four individuals out of the 14 
detected in total, probably because the majority of species detected were 
tree frogs that could climb out of the traps. 
Surveying for the pouched frog 
Surveys in the Blackall ranges were unable to detect pouched frogs with 
pitfall trapping or stream searches (Parris et al. 1999). However, these 
surveys focussed on stream dwelling species and may not be applicable to a 
survey specifically targeting the pouched frog.  Lima et al. (2000) studied 
pouched frogs caught as by-catch in an invertebrate pitfall study, suggesting 
pitfall trapping may be effective. Lemckert and Morse (1999) suggested that 
due to the small size of Assa only aural surveys are an effective strategy.  
Given these discrepancies, the most appropriate method for estimating the 
relative abundance of pouched frogs remains unclear and requires further 
investigation.   
 
Aims 
The aims of this chapter were to identify suitable survey localities for the 
pouched frog and to compare a range of survey strategies to determine the 
most efficient method for surveying the pouched frog. 
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Methods 
Site Selection 
Aural surveys were conducted at several sites in south-east Queensland 
throughout 2014, to find suitable locations for the pilot study.  Sites were 
initially identified in consultation with a local expert on the species (Harry 
Hines, EHP).  Wet-weather access was an important factor and sites needed 
to be accessible within a reasonable time frame if hiking was required. 
Study sites 
Final sites were chosen across three national parks in south-east 
Queensland (Fig. 3) (Table 1):  Conondale National Park, 15 km south of 
Kenilworth township, and about one hour west of Maroochydore on the 
Sunshine Coast, and Springbrook (Springbrook and Natural Bridge sections) 
and Lamington (Binna Burra section) National Parks in the Gold Coast 
Hinterland, along the Queensland New South Wales border about 100km 
south of Brisbane.  These broad study sites were chosen to obtain a 
reasonable spread of Assa populations throughout the south-east 
Queensland region.  While each park consisted of vegetation communites 
ranging from dry open eucalypt to rainforest, study sites were located in the 
high (above ~400m elevation), wet areas of the respective national parks in 
patches of rainforest and wet sclerophyll (Fig. 4.). Individual study sites were 
chosen based on the presence of Assa and targetting a range of different 
vegetation types.  However, these did not follow any strict vegetation 
community classification as fine scale varation in vegetation was evident 
across the habitat of the species.   
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Figure 3: Survey localities targeted in the study. Five sites were chosen 
at Conondale, two on the Springbrook Plateau, one at Natural Bridge 
and three at Binna Burra.  
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Table 1: The eleven study sites and their GPS coordinates in decimal 
degrees. 
National 
Park 
Site Name Latitude Longitude Site 
code 
Conondale  North Goods 26°41’28.3 152°38’08.1 Con1 
Conondale Baloumba Falls 
Carpark 
26°41’08.4 152°37’11.7  Con2 
Conondale Bundaroo Creek 26°41’37.6 152°36’45.2 Con3 
Conondale 1km north Bundaroo 
Creek 
26°41’17.3 152°36’30.1 Con4 
Conondale Peters Creek 26°40’56.0 152°36’31.8 Con5 
Lamington Binna Burra carpark  28°12’02.3 153°11’22.0 BBN2 
Lamington Binna Burra Coomera 
Falls Track 
28°12’50.2 153°11’37.0 BBN3 
Lamington Binna Burra Dave’s 
Creek Track 
153°11’37.0 153°11’54.3 BBN1 
Springbrook Best of All Lookout 28°14.467 153°16.016 Spr2 
Springbrook Talambana picnic 
area 
28°13.525 153°16.378 Spr3 
Springbrook Natural Bridge  28°13'50.0 153°14'41.4 NAR 
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Figure 4: Assa darlingtoni habitat near Peter’s Creek Conondale 
National Park.   
Aural Surveys 
Aural surveys were conducted during September 2014 to test the utility of 
this method and establish suitable sites for further study.  Survey localities 
were guided by co-ordinates provided by a local expert on the species (Harry 
Hines, DNPRSR) to avoid targeting areas were the species was unlikely to 
be present.  Three trips were conducted at each of Conondale, Springbrook 
and Lamington national parks for a duration of 3-4 days in each park.  This 
involved walking tracks and when Assa calls were heard, co-ordinates were 
recorded with a handheld GPS.  Surveys were conducted at dawn and dusk, 
but also during the middle of the day to account for any diurnal variation in 
calling activity.        
Pitfall trapping    
Small plastic buckets approximately 15cm in diameter were buried at ground 
level.  These were placed three metres apart in a transect.  Buckets were left 
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open and checked morning and evening.  Drift fences were not used 
because rainforest tree roots, rocks and debris prohibited effective 
installation.  Eight buckets were initially installed in May 2014, across five 
sites at the Conondale National Park and 120 trap nights were conducted (8 
buckets at 5 sites for 3 nights).  In December 2014, buckets were moved to 
sites where the species was confirmed to be present based on the aural 
surveys.  A further 75 trap nights were conducted (2 x 10 bucket transects 
and 1 x 5 buckets for 3 nights) 
Random ground searching 
Random ground searches were conducted by a team of 20 volunteers.  This 
allowed a much larger number of quadrats to be searched over a short time 
frame than would have been possible otherwise.  This method involved 
running several transects through known habitat and placing randomly 
positioned 1x1 m quadrats.  In each quadrat an assessment of percentage 
cover of grass, bare ground, roots, rocks, leaf litter and understory plants was 
made.  Leaf litter depth (cm) was also measured.  The quadrat was then 
carefully searched for the presence of pouched frogs by removing litter and 
turning over rocks and debris.  160 quadrats were searched by four groups of 
five people over two days.  A similar effort for a group of two people would 
take at least a week.   
Flagging of calling males 
This novel strategy was developed following the unsuccessful random 
ground searching.  It involved making observations at dusk or following 
periods of rain, and accurately triangulating the location of callings males.  
This was accomplished by working in a team of three and listening for nearby 
calling pouched frogs.  When a frog was heard, each member of the group 
estimated the location and gradually moved towards the point they thought it 
was calling from until each member of the group converged on the same 
point.  Because of the small size and cryptic nature of the frogs, the male 
needs to be calling continuously for this method to be possible.   Surveyor’s 
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flags were placed anywhere that a calling male could be accurately located 
or captured (Fig 5).  This process was repeated at the same site for three 
consecutive nights for 1.5 hours at dusk on the first two nights and 2.5 hours 
at dusk on the third night as a rain shower made it possible to survey for a 
longer period of time.  The previous night’s flags were numbered and dated 
and left in place for the following nights surveys.  If all the calling males in a 
given area could be flagged (no calls detected from locations that weren’t 
already flagged) and most males tended to call under optimum conditions, 
then it was predicted that the spatial arrangement and density of males could 
be estimated.       
 
 
Figure 5: Surveyors flags placed at the location of calling pouched 
frogs. 
Sound recording devices and Analysis 
Song Meter SM2+ (Wildlife Acoustics 2013) automatic sound recording 
devices were installed at sites where pouched frogs were confirmed through 
aural survey.  See chapter 3 methods for detail on recording protocol and 
analyses employed.   
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Results 
Three four day aural surveys were conducted throughout early 2014 across 
the three national parks.  While each survey successfully detected pouched 
frogs, they were rarely heard throughout the day.  The majority of detections 
occurred at dusk regardless of location. Individuals were rarely heard calling 
more than once or twice consecutively, making it difficult to confirm presence 
and absence from a site conclusively. However, suitable sites for further 
study were successfully identified.  
Pitfall traps had the largest time investment for initial installation, but once 
installed were relatively easy to check.  Approximately 200 pitfall trap nights 
were conducted, but yielded only a single individual. Likewise, the random 
ground searches required a large time investment in volunteer helpers, but 
also only yielded a single individual.   
Triangulating calling males allowed us to accurately flag the location of 18 
individuals over 3 nights.  In five cases the accuracy of the triangulation was 
sufficient to locate and capture the individual by hand. Rainfall appeared to 
stimulate calling for longer periods and allowed us to employ this method 
longer into the night.  Males appeared to move short distances from night to 
night, as on consecutive nights males were often heard calling in close 
proximity to previously placed flags.    
The sound recording devices were an effective tool for detecting pouched 
frogs as the large quantity of data compensated for any diurnal or seasonal 
variation in calling activity.  These results will be discussed further in chapter 
3. 
Table 2 provides a summary of the number of pouched frogs found and the 
relative time investment for each method. While all methods resulted in the 
detection of at least one individual, aural surveys and flagging of calling 
males had the lowest time investment relative to success. Pitfall trapping and 
ground searching were relatively ineffective strategies. 
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Table 2: Comparison table of the methods employed during the pilot study. 
Method  Setup Time Survey Time Estimate of Number 
of Pouched Frogs  
Relative Cost Advantages Limitations 
Aural 
Surveys 
none 3 x 4 day 
field trips 
many medium no setup or equipment 
required 
diurnal and seasonal variation 
effects reliability of detection 
Pitfall 
trapping 
10 min per 
bucket 
2 hours 1 high setup, low 
ongoing 
low time investment once pits 
installed, potential for mark 
recapture or genetic studies 
time consuming and difficult 
installation, need to be in the 
field to check buckets 
Ground 
searching 
none 200 hours 1 high random search effort, provides 
information on habitat use 
very low success rate 
Flagging none 20 hours 18 medium provides information on habitat 
use, potential for mark 
recapture or genetic studies 
time and weather dependant, 
labour intensive 
Acoustic 
recording 
10 min per 
recorder 
30 sec / 1 
min recording 
many medium low time investment in field, 
large quantities of data, high 
chance of detection 
estimate of activity not 
abundance, time consuming 
data processing 
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Discussion 
Multiple techniques were trialled during the pilot study with varying degrees 
of success (Table 2).  The following discussion outlines the advantages and 
limitations of each method.   
Aural surveys 
While aural surveys were generally an effective strategy to determine the 
presence and absence of pouched frogs, the technique was subject to many 
of the usual limitations as suggested by Parris and McCarthy (1999).  Firstly, 
it was extremely time consuming.  Because the surveyor needs to be present 
in the field, only a single location can be surveyed at a time.  This meant that 
finding multiple suitable survey locations in short field visits was sometimes 
impossible.  Pouched frogs tended to be active at certain times of the day or 
in certain weather conditions and therefore only small windows of time were 
often available for detection.  This meant that field visits could easily be 
wasted or suitable sites missed by simply being at a site at the wrong time.  
This could be an effective strategy but needs to be carefully targeted to 
specific time periods and weather conditions to avoid wasted effort.   
Pitfall trapping 
Pitfall trapping can be a convenient way to survey ground dwelling frogs 
(Heyer et al. 1994).  However, in this instance it proved relatively ineffective.  
A comparative methodological study by Parris et al. (1999b) did not catch 
any pouched frogs in pitfall traps.  No other published studies have employed 
this strategy in a systematic way. However, there is some evidence that 
pouched frogs were sometimes caught as by-catch in pitfall traps during an 
invertebrate study (Lima et al. 2000), but detailed information on the trap 
effort per frog was not provided.  Likewise, our study caught only a single 
individual.  In this instance, the trapping effort was relatively small due to 
difficulties in locating appropriate target sites and the challenges in installing 
buckets amongst the rocks and roots which dominate rainforest habitat.  The 
lack of drift fences probably also limited the effectiveness of the strategy, but 
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habitat conditions made them impossible to install.  If suitable sites could be 
located where drift fences could be installed more easily, it is possible that 
greater success may have been achieved.  However, because pouched frogs 
are not dependent on streams for reproduction their movement may be 
reduced compared to other frogs and the placement of traps between 
foraging and breeding sites, as is often done for many stream breeding 
species (Heyer et al. 1994) is impossible.  These problems may further limit 
the utility of this method for pouched frogs.  Future studies may achieve 
success with greater trap effort, but unless mark recapture or genetic 
material is required then other methods may be more appropriate. 
Random ground searches 
By utilising a large group of volunteer undergraduate students a large search 
effort was conducted using this strategy.  A similar effort for a group of two 
people would take at least a week.  While this approach had the benefit of 
providing a random search effort, the strategy was relatively unsuccessful 
and only yielded a single pouched frog found under a rock.  It seems likely 
that pouched frogs could have been missed, as once the leaf litter was 
disturbed they may quickly move into cover and could be easily lost due to 
their small size and cryptic colouration (David Benfer Personal Observation).  
The strategy was abandoned because the search effort required for a 
meaningful result was impossible for a team of two people over a reasonable 
time frame.       
Flagging calling males 
Flagging of calling males was the only strategy that resulted in multiple data 
points or captures.  The method also allows frogs to be located directly, if 
marking or genetic material are required and provides data on habitat use 
and spatial arrangement.  Intense calling activity is required for the strategy 
to be utilised effectively.  Most of the males present in an area should be 
calling continuously for the data to be representative of their spatial 
arrangement or to estimate activity or abundance.  Unfortunately, periods of 
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intense calling were rare during most field visits and so the strategy could not 
always be employed. Furthermore, it was observed when collecting these 
data that calling males would move short distances from night to night and 
therefore all individuals needed to be flagged in a single night which was 
often impossible due to brief periods of intense calling activity.    
Sound recording devices 
The sound recording devices were useful because they could collect large 
amounts of data without the researcher being present.  Data could therefore 
be collected during different weather conditions and throughout different 
times of day. While it was not possible to estimate abundance using this 
method, it yielded effective data on species presence/absence and how the 
calling activity varied under different temporal and environmental conditions.   
Conclusions 
The pilot study proved useful for refining the experimental design of the next 
component of the study.  Additionally, other factors important for conducting 
an ecological study could be addressed such as vehicle access on wet roads 
and site selection.  
The flagging strategy was shown to be an effective method for collecting data 
on the spatial arrangement of calling males provided it was conducted over a 
single night to avoid issues with movement of individuals.  Pitfall trapping 
may also show promise, but a large sampling effort would be required.  Drift 
fences would be highly beneficial, but would require a large initial time 
investment and long hours in the field. Furthermore, information about 
optimal sampling times would be invaluable in employing any further 
strategies.  Automatic sound recorders provided data about the seasonal and 
diurnal activity patterns of pouched frogs that would allow other methods to 
be better directed in future. 
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Chapter 3: Diurnal and seasonal calling activity of the 
pouched frog 
 
Introduction 
Male anurans vocalise as an advertisement for potential mates and to defend 
their territories (Lemckert and Mahony 2008).  Because each species has a 
unique call, vocalisations can be used to identify a particular species 
presence and activity levels (e.g. Lemckert and Morse 1999)  However, 
environmental and climatic factors can impact heavily on the extent of calling 
activity which may reduce the chance of detection during suboptimal 
conditions (Weir et al. 2005).  The degree of calling activity is triggered by 
different environmental conditions and is often a combination of 
environmental, seasonal and endogenous factors for different anuran species 
(Steen et al. 2013).  As such, a method that can passively collect large 
quantities of data is highly desirable as it can encompass a greater range of 
environmental conditions than may be possible using traditional ground 
based survey techniques.  Automatic sound recording devices have recently 
become a popular tool for passively recording vocalising species (e.g. 
Wimmer et al. 2013, Willacy et al. 2015).  Acoustic recorders can be left in 
the field to record over long time frames and hence, can sometimes record a 
selection of species which may have been missed using other methods 
(Wimmer et al. 2013). The devices themselves can be expensive and may be 
susceptible to wind and rain interference.  Furthermore, species that call 
quietly may go undetected if they are not calling in close proximity to the 
recording device (Parris et al. 1999a).  Nevertheless, automatic sound 
recording devices are becoming a routine field survey strategy for monitoring 
frogs due to their ease of implementation (e.g. Willacy et al. 2015).  However, 
to date no studies have used them extensively for monitoring the pouched 
frog. 
While some authors have provided observations on pouched frog calling 
activity, supporting data have rarely been given.  Ingram et al. (1975) 
suggested that males will call at any time of day and throughout the year.  
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Conversely, Mahoney (1992) reported that males will call vigorously to attract 
females after summer rains, particularly at dusk and before dawn, but they 
may also call at lower intensities throughout the day.  Anstis (2013) 
supported the notion that calling peaks at dawn and dusk and suggested that 
peak calling occurs in spring and summer.  The only study to provide data on 
pouched frog calling activity was undertaken by Lemckert and Mahony 
(2008). They suggested that the pouched frog has a core calling period 
extending from October to May. While their dataset was large and obtained 
from a variety of sources, their study did not factor in calling intensity and 
may therefore over-represent calling in off-peaks periods, particularly if 
pouched frogs do call throughout the year as suggested by Ingram et al. 
(1975). Because of their approach to defining a core calling period in one 
continuous block, some months with the same small number of records were 
both included and excluded from the core calling period they proposed.  
Given the discrepancies between authors and the lack of data in support of 
most conclusions, a thorough investigation of calling activity of pouched frogs 
is warranted. 
 
Aims 
The aim of this chapter was to test the utility of automatic sound recording 
devices as a reliable tool for surveying the pouched frog in the field.  
Furthermore, optimal sampling times were examined with the inclusion of 
calling intensity, a factor that was lacking from previous studies. This study 
aimed to establish the activity of the species, throughout a day and across a 
year, as well as the relationship of calling activity to changes in temperature, 
rainfall, humidity and a selection of habitat variables.  By doing so, a better 
understanding of the peak calling period of the species will be gained which 
will improve the success of future monitoring programs. 
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Methods 
Acoustic data 
Eleven Song Meter SM2+ (Wildlife Acoustics 2013) automatic sound 
recording devices were deployed at eleven sites across three national parks 
in south-east Queensland (Fig.3, Table 1).  The recording schedule was one 
minute every five minutes throughout the day and night.  Recorders were 
attached to trees at eye height away from tracks and roads. Song Meters 
were configured to record monaural 16 bit recordings at a frequency of 
22,050 Hz and stored in WAV file format.  Recording at this rate, the batteries 
and memory cards for the recorders needed to be changed approximately 
once per month.  Recording devices were left in place from the end of 
September 2014 to December 2015 which provided coverage across all four 
seasons.  Approximately 120 000 one minute recordings were generated for 
each site throughout the duration of the study. 
Temperature, humidity and rainfall 
HOBO pro V2 temp/RH data loggers (Onset, Massachusetts ) were installed 
and configured using the HOBOware® software version 2.2.1 to record 
temperature and relative humidity over the same time interval as the sound 
recording devices (one minute every five minutes).  Due to limitations in 
equipment availability, only five of these devices were used.  Therefore, they 
were placed to give good coverage across the different habitats available in 
the study; two of the Conondale sites (North Goods and Bundaroo), one at 
Binna Burra (Coomera Falls), one at Springbrook (Best of All) and one at 
Natural Bridge.  To supplement these data, for each broader sampling 
locality total monthly rainfall was obtained from the nearest Bureau of 
Meteorology weather station (Table 3).    
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Table 3: Details of the weather stations used to obtain total monthly 
rainfall data. 
Site BOM station Latitude  Longitude 
Conondale Little Yabba SFR 274 26.62° 152.68° E 
Binna Burra Binna Burra Alert 28.20° 153.19° E 
Springbrook Springbrook Road 28.20° 153.27° E 
 
Sound recording analysis 
By counting the number of calls per minute for each one minute block of 
recording, an index of activity could be obtained to compare across sites and 
between different seasons and weather conditions.  Pouched frogs possess 
a distinct calling pattern that can be easily recognised from a spectrogram 
(Fig. 6).  Calls were counted visually using the program Audacity (Audacity 
team 2016).  This substantially reduced the time required to process the files 
as they could be visually analysed much faster (~20 seconds per recording) 
than listening to each recording.  Because of the sheer number of files 
recorded over the duration of the study (120 000), the files were sub-
sampled.  A random one minute block was chosen for each hour of the day 
and four days, approximately one week apart, were analysed for each month 
for each site.  This produced an analysed dataset of approximately 11 000 
one minute blocks and allowed comparisons not only across sites, but also 
across the hours of the day and at different times of the year.  Because 
recordings were obtained from October and November in two years some 
limited comparisons across years could also be made.   
As the number of calls in a one minute block increased, it became difficult to 
distinguish unique calls as they started to run together.  A maximum of 25 
calls per minute was identified as the distinguishable upper-limit before it 
became impossible to count the number of calls accurately.  Therefore, any 
one minute block with 25 calls or more were counted as 25.  In addition to the 
25 
 
number of calls per minute, one minute blocks were also ranked categorically 
for rainfall (1 = some rain - minimal impact on identifying calls, 2 = medium 
rain - some calls probably obscured and 3 = heavy rain - all calls obscured). 
One minute blocks in which intense insect activity occurred in the same 
frequency band as pouched frog calls were also counted. Intense insect 
activity made visual or aural identification of Assa calls impossible and it was 
important to establish if this greatly impacted on the results. 
 
 
Figure 6: An example spectrogram showing ten seconds of recording.  
Several Assa darlingtoni calls can be seen in the spectrogram at 
varying distances from the recording device. 
Habitat Characteristics 
A range of habitat characteristics were recorded for each site.  This involved 
randomly placing ten 1x1m quadrats within a ten metre radius of the sound 
recording device.  These were placed by tossing the quadrat over the 
researchers shoulder and repeated ten times.  For each quadrat, a 
percentage cover of grass, bare ground, root, rock, leaf litter and understory 
vegetation was estimated.  In addition, leaf litter depth (cm) was measured 
using a ruler and soil moisture (%) using a soil moisture probe 
(HydroSense™, Campbell Scientific Australia, Pty Ltd).  
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Statistical Analysis 
Analyses and graphs were produced using SPSS version 23 (IBM, Armonk, 
New York).  The categorical nature of the calling data resulting from the 25 
call upper limit meant that a non-parametric Kruskal Wallis test was required 
for comparisons of mean values when comparing differences in calling 
activity at different times of day, months and between sites.  Likewise, a 
Spearman’s rank correlation was used due to the non-normal distribution of 
the data to establish relationships between calling activity and temperature, 
humidity and rainfall. Nearest neighbour cluster analyses were also 
conducted to establish similarity between sites for all habitat variables.  
 
Results 
Basic data, interference and rainfall  
Across all minutes analysed, 89% had no rain recorded, 8.5% had light rain, 
1.9% medium rain and 0.3% intense rain. In addition, 0.8% of all calls were 
affected by intense insect activity or other factors that made hearing frogs 
impossible.   Approximately 6% of recordings had strong wind which may 
have interfered with the ability to detect Assa. 1768 minutes out of 10878 
analysed (16.4%) had one or more Assa calls.  440 minutes were found with 
calls out of 986 minutes (45%) from peak calling periods. 
Temporal calling patterns 
Diurnal patterns:  
The highest rate of calling occurred during the dawn and dusk hours; 4am 
and 5am and 5pm and 6pm (Fig. 7).  Very little calling (mean less than one 
call per minute) occurred between 7am and 5pm.   Intermediate levels of 
calling occurred during the remaining hours bordering the peak calling 
periods and throughout the night.  The Kruskal Wallis test showed a 
significant difference between the calling rate for different hours of day (X= 
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386.38, df=23, p<0.001).  Pairwise comparisons (Appendix 1) confirmed this 
relationship showing significant differences between most dawn and dusk 
and daytime hours.  There was no significant difference between call rates at 
dawn and dusk.  Limiting the data to the peak calling months (Fig. 8) did not 
change the results of these tests and the same pairwise comparisons 
remained significant (Appendix 2)(see below for an explanation of peak 
calling months).    
 
 
 
Figure 7: Mean Assa calls per minute for the different hours of day for 
all data. 
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Figure 8: Mean Assa calls per minute for the different hours of day 
during peak calling months. 
 
Calling during off-peak months (Fig. 9) still showed a significant difference in 
calling rates for different hours of day (Kruskal Wallis test; X=126.71, df=23, 
p<0.001), but pairwise comparisons showed fewer significant results 
(Appendix 3).  These were predominantly only for comparisons including 4am 
and 5am to the hours during the middle of the day.  A limited number of 
significant differences were also present for 5pm (hour 17 of the day).  
Variability in calling rate was greater during off-peak periods compared with 
peak periods.  Limiting the data to southern study sites only (Fig. 10) 
revealed a similar pattern, however the variability was greater. Conondale 
sites showed a very similar pattern to the overall data with slightly more 
variability (Fig. 11).  
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Figure 9: Mean Assa calls per minute for the different hours of day 
during months of reduced calling. 
 
Figure 10: Mean calls per minute for the different hours of the day for 
the Binna Burra and Springbrook sites only. 
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Figure 11: Mean calls per minute for the different hours of the day for 
the Conondale sites only. 
 
Annual patterns: 
Mean calling activity was highest in October and November 2015 (Fig. 12).  
Increased calling rates were also evident in October, November and 
December 2014 and January and August 2015.  Calling activity was lowest 
from February to July.  Kruskal Wallis analysis showed a significant 
difference in calling activity by month (X=1404.45, df=12, p<0.001). Pairwise 
comparisons revealed significant differences between October and 
November 2014 and 2015.  February to July showed significantly less calling 
than any other months (Appendix 4).   Limiting the data to peak calling times 
(see figure 6, hour: 5, 6, 17, 18 and 19) revealed a similar pattern (Fig. 13); 
although, significant differences between months in 2014 were not evident 
(Appendix 5).  Limiting the data to Conondale alone (Fig.14) revealed lower 
calling in October 2014 than the overall data, but other patterns remained 
similar.  Patterns for the southern sites were also comparable although 
calling in October was higher than in Conondale sites, while calling in 
January was lower (Fig.15).   
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Figure 12: Mean calls per minute for all months of the study from Oct 
2014 to Nov 2015. No data were collected for September. 
 
Figure 13: Mean calls per minute for all months of the study at peak 
calling times from Oct 2014 to Nov 2015. No data were collected for 
September.  
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Figure 14: Mean calls per minute for the Conondale sites for all months 
of the study from Oct 2014 to Nov 2015. No data were collected for 
September.  
 
Figure 15: Mean calls per minute for the Binna Burra and Springbrook 
sites for all months of the study from Oct 2014 to Nov 2015. No data 
were collected for September.  
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Calling activity across sites 
Calling activity was highest at North Goods Conondale (Con1) and lowest at 
Natural Arch Numinbah (NAR) and Binna Burra carpark (BBN2) sites (Fig. 
16).  Dave’s Creek Binna Burra (BBN1), Baloumba Falls Conondale (Con2) 
and Peter’s Creek Conondale (Con5) showed similar levels of calling and the 
remaining sites also showed similar calling rates.  The Kruskal Wallis 
analysis showed a significant difference in calling rates between sites 
(X=688.1, df=10, p<0.001).  Pairwise comparisons also showed significant 
differences between these three groups (Appendix 6).  North Goods (Con1) 
was the only site that had a significantly higher calling rate than all other 
sites.  Limiting the analyses to months with no missing data (Fig. 17) reduced 
the differentiation between sites and increased the variability, but the patterns 
remained similar.  Likewise, limiting data to peak calling months (Fig.18) or 
peak calling times (Fig.19) did not alter the broader patterns between sites; 
although, they were less clearly defined due to increased variability.   
 
 
Figure 16: Mean calls per minute for each site for all months 
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Figure 17: Mean Calls per minute for each site and for months where 
data was present for all months. 
 
Figure 18: Mean calls per minute for each site during the peak calling 
months. Data was included for October, November, December 2014 and 
August, October and November 2015. 
35 
 
 
Figure 19: Mean calls per minute for each site during the peak calling 
months and peak calling hours; October, November, December 2014 
and August, October and November 2015 at 4am, 5am, 5pm and 6pm. 
 
Differences in calling activity for different habitat variabiles 
The most dominant ground cover was leaf litter which had the highest mean 
percentage cover for all sites except ‘Best of All’ Springbrook (SPR2).  SPR2 
had slightly more rock cover than litter and far less litter than any other sites.  
The most leaf litter cover was at Talambana Springbrook (SPR3).  There was 
no grass cover in any sites. The remaining percentage cover varied from site 
to site.  Bare ground was rare and the remaining cover generally consisted of 
roots and rocks.  The deepest litter was at Talambana (SPR3) and Dave’s 
Creek (BBN1) sites.  Natural Arch (NAR) and Peter’s Creek (Con5) had the 
highest soil moisture and the lowest was at Con4. 
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Nearest neighbour analyses of habitat variables (Fig. 20) revealed two main 
clusters.  One containing the three Binna Burra sites, in addition to Peters 
Creek Conondale (Con5) and Natural Arch (NAR).  The other cluster 
contained the remaining Conondale sites and Talambana Springbrook 
(Spr3).  ‘Best of All’ Springbrook (spr2) was the most unique and formed a 
separate cluster.   
 
 
Figure 20: Nearest neighbour tree showing similarity between habitat 
variables across sites. 
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Comparisons between habitat variables and mean calls per minute at peak 
calling times (Table 4) showed that bare ground explained 22% of the 
variation in calling activity and 16% was explained by decreased root cover.  
However, these results were not significant when tested with Spearman’s 
rank correlations.  No grass cover was recorded in any of the habitats. 
 
Table 4: Results of the Spearman rank analysis for each of the habitat 
variables. 
Time Statistics bare root rock litter 
Understorey 
vegetation 
Litter 
depth 
Soil 
moisture 
Off-peak 
calling  
Correlation 
Coefficient 
0.388 -0.219 -0.101 0.173 -0.539 0.245 -0.155 
Sig. (2-
tailed) 
0.238 0.517 0.768 0.611 0.087 0.467 0.650 
Peak  
calling  
Correlation 
Coefficient 
0.470 -0.379 -0.119 0.255 -0.304 0.055 -0.100 
Sig. (2-
tailed) 
0.144 0.250 0.727 0.449 0.363 0.873 0.770 
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Differences in calling activity in relation to temperature, rainfall and humidity. 
Calling activity was much higher during periods of rainfall (Fig. 21). The 
highest mean calls per minute occurred during light rain (category 1), second 
highest in moderate rain (category 2) and third when no rain was present 
(category 0).  The heaviest rainfall made recording calls impossible and 
therefore no data was recorded at a rain intensity category 3.  Limiting the 
data to peak times did not alter this pattern substantially (Fig.22).   For the 
complete dataset, the Kruskal Wallis test showed a significant difference 
(X=732.1, df=3, p<0.001).  Pairwise comparisons showed significant 
differences between categories 0 and 1 and 0 and 2, but not 1 and 2.  
Statistical tests for the data for peak calling periods yielded similar results 
(X=116.5, df=3, p<0.001).  
 
Figure 21: Differences in mean calls per minute counted at different 
rainfall intensities.  0 indicates no rain visible on the spectrogram, 1 
indicates light rain not interfering with call recognition, 2 indicates 
some calls were probably missed due to rainfall interference and 3 
indicates no calls were able to be counted due to extreme rainfall 
interference. 
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Figure 22: Differences in mean calls per minute counted at different 
rainfall intensities for peak calling periods only.  0 indicates no rain 
visible on the spectrogram, 1 indicates light rain not interfering with call 
recognition, 2 indicates some calls were probably missed due to rainfall 
interference and 3 indicates no calls were able to be counted due to 
extreme rainfall interference. 
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Total monthly rainfall (Fig. 23-25) was highest in February and the lowest 
occurred in August or October 2014.  There does not appear to be a trend 
towards more calling with higher total monthly rainfall as the highest rainfall 
months tended to have low calling.  Spearman rank correlations at peak 
times between mean calls per minute and total monthly rainfall showed no 
significant correlations (Springbrook (n=13, ρ=-0.326, p>0.276); Binna Burra 
(n=13, ρ = 0.198, p>0.517) and Conondale (n=13, ρ = 0.209, p>0.494)). 
 
 
Figure 23: Mean calls per minute for the different months ordered by 
total monthly rainfall for Binna Burra sites.  Peak calling periods are 
indicated in yellow.  Peak time indicates calls from dawn and dusk 
compared to all other times. 
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Figure 24: Mean calls per minute for the different months ordered by 
total monthly rainfall for Conondale sites.  Peak calling periods are 
indicated in yellow.  Peak time indicates calls from dawn and dusk 
compared to all other times. 
 
Figure 25: Mean calls per minute for the different months ordered by 
total monthly rainfall for Springbrook sites.  Peak calling periods are 
indicated in yellow.  Peak time indicates calls from dawn and dusk 
compared to all other times. 
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Spearman rank correlations showed a significant relationship between 
temperature and mean calls per minute during peak calling periods for sites 
bbn3, con1 and spr2 (Table 5) the remaining two sites showed no significant 
trend.  Natural Arch (NAR) showed a negative significant relationship in 
calling rates in relation to Relative Humidity (Table 5). 
 
Table 5: Results of the Spearman rank correlations comparing calling at 
peak times and temperature and relative humidity (%). 
Site code 
 
Temperature Relative Humidity 
 
bbn3 
Correlation 
Coefficient 
0.204* -0.088 
Sig. (2-tailed) 0.017 0.311 
con1 
Correlation 
Coefficient 
0.333** -0.095 
Sig. (2-tailed) 0.001 0.361 
con3 
Correlation 
Coefficient 
-0.031 -0.126 
Sig. (2-tailed) 0.731 0.157 
NAR 
Correlation 
Coefficient 
0.181 -0.391** 
Sig. (2-tailed) 0.065 0.000 
spr2 
Correlation 
Coefficient 
0.178* -0.062 
Sig. (2-tailed) 0.022 0.432 
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Discussion 
Diurnal Calling Patterns 
The results of this study confirm the largely anecdotal evidence presented in 
literature that pouched frogs do indeed call at any time of day (e.g. Ingram et 
al. 1975), but that calling tends to peak at dawn and dusk (e.g. Mahoney 
1992, Anstis 2013).  These patterns held true for the complete dataset, but 
also when examining northern and southern sites separately.  In addition, a 
lull between dawn and dusk was evident where very little calling tended to 
occur. This was more pronounced in the full data set and variability was quite 
high limiting the utility of statistical analyses to detect these subtle 
differences.  This study was also able to detect a peak calling period 
throughout the year (August to January).  When examining diurnal patterns at 
these peak and off-peak calling periods, the dawn and dusk calling pattern 
still holds true.  Bridges et al. (2000) examined a number of anuran species 
and found significant interspecific variation in calling times diurnally. There is 
some evidence that frogs will avoid calling at the same time as other species 
(Littlejohn and Martin 1969), but in the current study, other frogs were only 
ever heard calling very distantly on the recordings and these were all stream 
breeding species. It is unclear what drives this pattern for pouched frogs 
given the lack of competition from other frogs for acoustic space.  
Furthermore, peak calling times for Assa in the morning conflict with peak 
avifauna calling activity and therefore, much greater background noise.  
Similar acoustic studies have also found dawn peak calling patterns for other 
anuran species (e.g. Willacy et al. 2015).  
Seasonal Calling Patterns 
Seasonal calling activity of the pouched frog was less clearly defined in the 
literature.  The results of the current study are consistent with Ingram et al. 
(1975) who suggested that pouched frogs call all year round, but peak calling 
times were evident where much higher levels of calling could be detected in 
the data.  The results suggest a peak calling period extending from August to 
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January (late winter to early summer) with low levels of calling persisting at 
all other times.  This is inconsistent with Lemckert and Mahony (2008) who 
identified a core calling period from October to May.  This may be due to the 
limitations of their dataset which did not include information on the number of 
individuals recorded in a visit.  Because the pouched frog appears to call all 
year round, this approach would over-represent the times when single or few 
individuals could be heard during a field visit and bias the data towards times 
when anuran surveys are more frequently conducted.  Anstis (2013) 
suggested that a peak calling period occurred during spring and summer 
which is in general accordance with our data. However, the results of the 
current study indicate that by late summer calling drops off almost entirely.  
The year of our study coincided with extremely high levels of rainfall in 
February and it is possible that this may have impacted on our results, 
although precipitation is generally thought to increase the activity of most 
anuran species (Anstis 2013).  Like the diurnal data, the seasonal calling 
patterns were consistent when examined across northern (Conondale) and 
southern sites (Springbrook, Lamington).  These patterns were also still 
present when examining just the dawn and dusk periods.  Unfortunately, due 
to technical and site access problems we collected no data for September, 
but it seems unlikely that a drop in calling would have occurred temporarily in 
September and as such, is most likely part of the peak calling period.  Future 
studies would benefit from the inclusion of data for a full two years or more to 
confirm this pattern persists across multiple seasons.     
Calling activity between sites and in relation to habitat variables 
Calling activity varied significantly between sites but the reasons for this are 
unclear.  No statistically significant correlations were identified between the 
habitat variables collected in this study and the degree of calling activity.  The 
strongest relationships were a positive relationship with bare ground (22% of 
variation in calling activity) and a negative relationship with root cover (16% 
of variation in calling activity).  These results are paradoxical given that 
previous authors have identified roots, rocks, logs and leaf litter as important 
cover for the species (Ingram et al. 1975).  The most calling occurred at the 
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Conondale North Goods site and the least was at the Natural Bridge site.  
The nearest neighbour analysis did not show these sites to be substantially 
different based on the habitat variables we measured.  All sites were chosen 
based on pouched frog activity and all sites had some form of vegetation 
cover.  Furthermore, all recording devices successfully recorded some 
pouched frog activity.  The lowest average calling rates occurred in sites 
where many pouched frogs could still be heard during field visits (David 
Benfer, Personal Observation).  As such, it seems likely that pouched frogs 
are patchily distributed at a local scale and some recording devices were 
simply positioned by chance in locations where fewer pouched frogs 
occurred in the vicinity of the recording device.  Given that pouched frogs can 
sometimes occur at high densities of several males in only a few square 
metres (Mahoney 1992) and the very small size of the species, it is likely that 
micro-habitat scale variation exists which we were incapable of detecting due 
to the methods employed here.   
Problems associated with patchy distributions could be overcome in the 
future by the use of an array of sound recording devices (e.g. Blumstein et al. 
2011).  This would allow an estimate of abundance and density could be 
determined over a larger area than can be achieved using a single recording 
device.  In addition, the inclusion of nearby sites where pouched frogs don’t 
occur or examining abundance over a habitat gradient would be highly 
beneficial in answering questions about the importance of different habitat 
features to the species.  
Calling activity and the effects of rainfall, temperature and humidity 
During wet conditions male anurans tend to be able to call for longer and 
females may be willing to travel greater distances to find a mate due to 
reduced risk of desiccation (Hauselberger and Alford 2005).  Consequently, 
in this study the presence of rainfall in the sound recordings had a strong 
impact on how many pouched frogs were calling.  Significantly more calls 
were heard during moderate and medium intensity rainfall than when no 
rainfall was present.  The highest intensity rainfall made recognising calls in 
sound recordings impossible.  However, the number of recordings impacted 
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by such conditions were few and pouched frogs could normally be heard 
calling during field visits under similar conditions (David Benfer Personal 
Observation).  Studies on another terrestrial Australian frog, the giant 
burrowing frog (Heleioporus australiacus) similarly found that surveys were 
best conducted after periods of significant rainfall (Penman et al. 2006).  In 
our study, despite the increased calling evident during periods of rain on the 
recordings, total monthly rainfall was a poor predictor of calling activity.  
During 2015, February, April and May all had substantial amounts of total 
monthly rainfall and yet these months had very little calling activity.  Likewise, 
a comparison between October 2014 and 2015 showed that while October 
2015 received substantially more rainfall, 2014 had a greater average calling 
intensity.  Our results indicate that while pouched frogs do respond well to 
rainfall during the peak calling months we have identified, total monthly 
rainfall alone is a poor predictor of calling activity when considering a single 
day from within a particular month.  This may be because the weather 
stations were often situated some distance from the survey localities at lower 
altitude and therefore may not be representative of the conditions 
experienced there.  Furthermore, because rainfall is not evenly distributed 
throughout the month, the sub-sampling methodology employed here does 
not necessarily account for differences in calling activity following brief 
periods of intense rainfall which may not have occurred in close proximity to 
the days we sampled.    
The importance of temperature and humidity are less clear.  Temperature 
has a positive influence on the calling behaviour of amphibians (Sewell et al. 
2010, Steelman and Dorcas 2010) and other researchers have determined 
temperature to be an important factor when conducting surveys on other 
terrestrial Australian species (Penman et al. 2006).  During peak times, there 
were site specific differences in calling activity related to increased 
temperature, but this only occurred for three out of five sites.  When 
considering the data as a whole, there was no significant relationship 
between temperature and calling activity.  Furthermore, August had more 
calling than February and large amounts of calling was occasionally recorded 
under cold conditions. (for example, at BBN3 site there were >25 calls/min at 
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~8°C in August).  This suggests that while it may have some impact, other 
factors may be more important than temperature in predicting pouched frog 
calling activity. 
Humidity did not appear to be an important driver of calling activity.  The 
influence of humidity on frog calling activity is not well-represented in the 
literature.  In the current study, only one site (NAR) showed a significant 
negative correlation between humidity and calling activity.  However, this site 
had the lowest overall calling activity and the relevance of this result remains 
unclear.  Due to the nature of the locations sampled (rainforest or wet 
sclerophyll), relative humidity in these environments was always very high 
and often close to 100%.  This has probably limited the utility of this measure 
as a predictor of pouched frog calling activity in the present study.   
Conclusions and broader context 
This study has provided the first, systematically collected data on the calling 
behaviour of the pouched frog.  Other studies have shown that frogs tend to 
have calling windows restricted to certain times of the year (e.g. Bridges et al. 
2000, Gottsberger and Gruber 2004).  Here a peak calling period for the 
pouched frog was identified which extends from August to January.  This is a 
narrower window than that previously provided by Lemckert and Mahoney 
(2008). However, as only one and a half seasons were sampled in the 
current study, it cannot be discounted that annual variation may have 
contributed to the larger calling window identified in previous studies.   
Anecdotal reports suggest that calling intensifies at dawn and dusk (Antsis 
2013), and results from the present study confirm this pattern.  Furthermore, 
rainfall tended to increase calling activity and resulted in pouched frogs 
calling for longer periods of time.  However, the results also indicated that 
calling was not closely tied to rainfall, such as has been reported in many 
other frog species (e.g. Gottsberger and Gruber 2004).  Regardless, the 
dominant calling patterns discussed above appear to hold true irrespective of 
total monthly rainfall and on average held true even under some of the driest 
months in this study.   These patterns were also generally consistent across 
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the geographic range covered in the current study. Although, some variation 
was present in the data and certain sites seemed to have more calling 
activity than others, possibly because the populations were patchily 
distributed.   
Temperature and relative humidity did not have a strong relationship to 
calling activity, despite temperature being a strong driver for other anuran 
species (e.g. Gottsberger and Gruber 2004, Willacy, 2015).  Interestingly, in 
the current study pouched frogs continued calling even at temperatures close 
to freezing in the middle of winter. 
While there was no evidence that the calling activity recorded in the present 
study relates to reproductive activity of pouched frogs, Lemckert and 
Mahoney (2008) suggest that given the high energetic cost of calling it likely 
is associated with reproductive behaviour.  Although calling continues 
throughout the year, pouched frogs do not appear to be winter breeders like 
members of the Crinia genus (the genus in which pouched frogs were 
formerly placed).  Crinia tend to call throughout much of the year (Lemckert 
and Mahoney 2008), rather than the narrow window from August to January 
demonstrated by pouched frogs in this study.  By commencing intensive 
calling in August, pouched frogs may be preparing for an influx of important 
prey species.  Pouched frogs are gape size limited and hence, tend to feed 
on very small invertebrates (Lima et al. 2000).  Lowman (1982) examined 
temporal insect abundance in Australian subtropical rainforest and found that 
abundance began to increase around August and peak in February, which 
coincides with the peaks in Assa calling found in the present study.  By 
coinciding reproduction with increased insect abundance, pouched frogs may 
be compensating for the increased energy demands of calling or providing 
optimum conditions for their young to thrive.  Metamorphs emerge fully 
developed after approximately 48 days (Ehmann and Swan 1995).  Ceasing 
breeding in January to coincide with peak insect abundance in February 
would therefore be an effective strategy, as after this time insect abundance 
drops off substantially and their young may fail to thrive.  Frog species 
sympatric with the pouched frog appear to call later into February and March 
(Lemckert and Mahoney 2008) despite this drop in insect abundance.  For 
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many frog species rainfall is an important driver of their reproductive 
behaviour (Gottsberger and Gruber 2004).    However, the terrestrial 
breeding habits of the pouched frog place different pressures on them 
relative to frogs whose tadpoles may be more susceptible to desiccation due 
to aquatic breeding cycles.  Pouched frog tadpoles are not affected by 
competition from tadpoles of other species because they emerge from the 
pouches fully metamorphosed (Ehmann and Swan, 1995), which may allow 
them to further optimise their reproductive timing to meet peak insect 
abundance.  Gottsberger and Gruber (2004) showed that reproductive timing 
of anurans differs based on their reproductive strategies and given the 
unusual breeding behaviour of the pouched frog it seems logical that they 
would be subject to different pressures than many other anuran species. 
However, the factors that drive calling behaviour in most anuran species are 
not well understood and would benefit from further study (Lemckert and 
Mahoney 2008)   
The Conondale National Park is relatively isolated from the other locations 
surveyed in the present study. In general, there was no obvious difference in 
the calling patterns or the call signature displayed by the species across the 
geographic range we surveyed.  However, in October 2014 calling activity 
was limited at Conondale relative to Springbrook and Binna Burra.  October 
2014 was one of the driest months during the present study.  Conondale 
sites surveyed in this study tended to be at lower altitude and could be quite 
dry during field visits, whereas Binna Burra and Springbrook sites tended to 
be wetter.  Pouched frogs at Conondale may therefore have been more 
susceptible to desiccation.  Future studies would therefore benefit from 
collection of rainfall and soil moisture data at each survey site, as the monthly 
rainfall from weather stations did not appear anecdotally to be representative 
of the conditions one might experience at the study sites.  
Optimising future surveys   
Data on basic calling patterns of many Australian frogs are lacking and this 
information would be highly beneficial for monitoring cryptic anurans in the 
future given the range of threats they face as a taxonomic group (Willacy et 
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al. 2015).  Prior to this study, no systematically collected data were available 
on the calling patterns of the pouched frog, Assa darlingtoni.  Automatic 
sound recorders have allowed the collection of a large dataset on the diurnal 
and seasonal patterns of calling in the pouched frog.  Results of this study 
are critical for future monitoring of the pouched frog because better targeted 
surveys can now be implemented allowing more reliable detection of the 
species.   
While temperature and rainfall had some impact on the calling intensity of the 
pouched frog, our results indicate that time of year is the most important 
predictor of calling intensity.  Future monitoring studies should therefore be 
conducted at dawn and dusk from August to January, as these are the times 
when the greatest activity of the species occurs.  When conducting aural 
surveys, they should always be completed at dawn and dusk to maximise the 
chance of detection.  If capturing the species is required for genetic material 
or a mark recapture study, the best results were had by working in a team 
and triangulating individuals during peak calling periods and capturing them 
by hand.  Periods of rainfall during these times often resulted in calling that 
extended throughout the night and this is therefore the best time to conduct 
such a study. The middle of the day is unlikely to be an effective time to 
survey for the species, although, during wet conditions in the peak months it 
may be suitable based on our results.  Pitfall trapping was relatively 
unsuccessful in the present study, although there is some evidence that it 
can be effective (Lima et al. 2000).  As such, this technique probably 
warrants further consideration although the difficulty of installing pits and drift 
fences in dense rainforest habitats means a large effort would be required to 
get a suitable pitfall array installed for adequate results.   
Future acoustic studies would greatly benefit from the implementation of an 
array of sensors to provide abundance and density estimates of the species.  
In addition, conducting the study for two years or more would be greatly 
beneficial to confirm that the patterns identified here hold true across multiple 
years.  The study of habitat variables in sites where pouched frogs are 
absent, or the study of the species across habitat gradients would be 
beneficial to future studies intending to determine the habitat features that 
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are important for pouched frogs.   Experimental manipulations involving 
habitat choice would be useful to identify microhabitat features influencing 
this species.  Furthermore, a better understanding of the threats facing this 
species, for example the influence of feral pig rooting on pouched frog 
abundance is critical for future conservation managment.  
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Appendices 
Appendix 1: Results of the Kruskal Wallis pairwise analysis of calls per 
minute and hour. 
Sample 
1-
Sample 
2 
Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic Sig. Adj. Sig. 
12-5 1164.987 139.356 8.360 0.000 0.000 
12-18 -
1301.755 
139.510 -9.331 0.000 0.000 
12-4 1318.639 139.356 9.462 0.000 0.000 
8-18 -
1283.679 
139.510 -9.201 0.000 0.000 
8-4 1300.563 139.356 9.333 0.000 0.000 
10-18 -
1275.485 
139.510 -9.143 0.000 0.000 
10-4 1292.369 139.356 9.274 0.000 0.000 
13-18 -
1273.402 
139.510 -9.128 0.000 0.000 
13-4 1290.286 139.356 9.259 0.000 0.000 
9-18 -
1253.806 
139.510 -8.987 0.000 0.000 
9-4 1270.690 139.356 9.118 0.000 0.000 
11-18 -
1241.145 
139.510 -8.896 0.000 0.000 
11-4 1258.029 139.356 9.027 0.000 0.000 
7-18 -
1160.696 
139.356 -8.329 0.000 0.000 
7-4 1177.580 139.203 8.459 0.000 0.000 
8-5 1146.911 139.356 8.230 .000 .000 
10-5 1138.717 139.356 8.171 .000 .000 
13-5 1136.634 139.356 8.156 .000 .000 
9-5 1117.038 139.356 8.016 .000 .000 
11-5 1104.377 139.356 7.925 .000 .000 
15-4 1066.246 139.356 7.651 .000 .000 
14-4 1062.842 139.356 7.627 .000 .000 
15-18 -
1049.362 
139.510 -7.522 .000 .000 
14-18 -
1045.958 
139.510 -7.497 .000 .000 
7-5 1023.929 139.203 7.356 .000 .000 
12-17 -961.195 139.510 -6.890 .000 .000 
8-17 -943.119 139.510 -6.760 .000 .000 
10-17 -934.925 139.510 -6.702 .000 .000 
13-17 -932.842 139.510 -6.687 .000 .000 
15-5 912.594 139.356 6.549 .000 .000 
9-17 -913.246 139.510 -6.546 .000 .000 
14-5 909.190 139.356 6.524 .000 .000 
11-17 -900.585 139.510 -6.455 .000 .000 
1-4 -824.415 139.203 -5.922 .000 .000 
7-17 -820.137 139.356 -5.885 .000 .000 
2-4 -817.393 139.203 -5.872 .000 .000 
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1-18 -807.531 139.356 -5.795 .000 .000 
2-18 -800.509 139.356 -5.744 .000 .000 
12-19 -764.106 139.587 -5.474 .000 .000 
16-4 762.330 139.356 5.470 .000 .000 
22-4 753.588 139.589 5.399 .000 .000 
20-4 750.813 139.511 5.382 .000 .000 
0-4 -744.857 139.203 -5.351 .000 .000 
8-19 -746.030 139.587 -5.345 .000 .000 
16-18 -745.446 139.510 -5.343 .000 .000 
10-19 -737.835 139.587 -5.286 .000 .000 
12-3 735.079 139.356 5.275 .000 .000 
22-18 736.704 139.742 5.272 .000 .000 
13-19 -735.753 139.587 -5.271 .000 .000 
21-4 734.015 139.511 5.261 .000 .000 
20-18 733.928 139.664 5.255 .000 .000 
0-18 -727.973 139.356 -5.224 .000 .000 
8-3 717.002 139.356 5.145 .000 .000 
21-18 717.131 139.664 5.135 .000 .000 
9-19 -716.157 139.587 -5.131 .000 .000 
10-3 708.808 139.356 5.086 .000 .000 
15-17 -708.802 139.510 -5.081 .000 .000 
13-3 706.725 139.356 5.071 .000 .000 
14-17 -705.398 139.510 -5.056 .000 .000 
11-19 -703.496 139.587 -5.040 .000 .000 
12-23 -697.387 139.742 -4.991 .000 .000 
9-3 687.129 139.356 4.931 .000 .000 
8-23 -679.311 139.742 -4.861 .000 .000 
11-3 674.468 139.356 4.840 .000 .000 
1-5 -670.764 139.203 -4.819 .000 .000 
10-23 -671.117 139.742 -4.803 .000 .000 
13-23 -669.034 139.742 -4.788 .000 .000 
2-5 -663.742 139.203 -4.768 .000 .001 
6-4 660.197 139.203 4.743 .000 .001 
12-6 658.442 139.356 4.725 .000 .001 
9-23 -649.438 139.742 -4.647 .000 .001 
6-18 -643.313 139.356 -4.616 .000 .001 
8-6 640.366 139.356 4.595 .000 .001 
11-23 -636.777 139.742 -4.557 .000 .001 
10-6 632.172 139.356 4.536 .000 .002 
13-6 630.089 139.356 4.521 .000 .002 
7-19 -623.047 139.433 -4.468 .000 .002 
23-4 621.252 139.589 4.451 .000 .002 
9-6 610.493 139.356 4.381 .000 .003 
16-5 608.678 139.356 4.368 .000 .003 
23-18 604.368 139.742 4.325 .000 .004 
22-5 599.936 139.589 4.298 .000 .005 
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11-6 597.832 139.356 4.290 .000 .005 
20-5 597.161 139.511 4.280 .000 .005 
7-3 594.020 139.203 4.267 .000 .005 
0-5 -591.205 139.203 -4.247 .000 .006 
3-4 -583.560 139.203 -4.192 .000 .008 
12-21 -584.624 139.664 -4.186 .000 .008 
21-5 580.364 139.511 4.160 .000 .009 
12-0 573.782 139.356 4.117 .000 .011 
3-18 -566.676 139.356 -4.066 .000 .013 
12-20 -567.826 139.664 -4.066 .000 .013 
8-21 -566.547 139.664 -4.056 .000 .014 
12-22 -565.051 139.742 -4.044 .000 .015 
10-21 -558.353 139.664 -3.998 .000 .018 
8-0 555.706 139.356 3.988 .000 .018 
12-16 -556.309 139.510 -3.988 .000 .018 
7-23 -556.328 139.589 -3.985 .000 .019 
13-21 -556.270 139.664 -3.983 .000 .019 
19-4 554.533 139.433 3.977 .000 .019 
8-20 -549.750 139.664 -3.936 .000 .023 
10-0 547.511 139.356 3.929 .000 .024 
8-22 -546.975 139.742 -3.914 .000 .025 
13-0 545.429 139.356 3.914 .000 .025 
10-20 -541.556 139.664 -3.878 .000 .029 
13-20 -539.473 139.664 -3.863 .000 .031 
8-16 -538.233 139.510 -3.858 .000 .032 
10-22 -538.781 139.742 -3.856 .000 .032 
19-18 537.649 139.587 3.852 .000 .032 
9-21 -536.674 139.664 -3.843 .000 .034 
13-22 -536.698 139.742 -3.841 .000 .034 
10-16 -530.039 139.510 -3.799 .000 .040 
13-16 -527.956 139.510 -3.784 .000 .043 
9-0 525.833 139.356 3.773 .000 .044 
11-21 -524.013 139.664 -3.752 .000 .048 
9-20 -519.877 139.664 -3.722 .000 .054 
7-6 517.384 139.203 3.717 .000 .056 
9-22 -517.102 139.742 -3.700 .000 .059 
11-0 513.172 139.356 3.682 .000 .064 
15-19 -511.713 139.587 -3.666 .000 .068 
9-16 -508.360 139.510 -3.644 .000 .074 
14-19 -508.309 139.587 -3.642 .000 .075 
6-5 506.545 139.203 3.639 .000 .076 
11-20 -507.216 139.664 -3.632 .000 .078 
11-22 -504.441 139.742 -3.610 .000 .085 
12-2 501.246 139.356 3.597 .000 .089 
11-16 -495.699 139.510 -3.553 .000 .105 
12-1 494.224 139.356 3.546 .000 .108 
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8-2 483.169 139.356 3.467 .001 .145 
15-3 482.686 139.356 3.464 .001 .147 
14-3 479.282 139.356 3.439 .001 .161 
8-1 476.147 139.356 3.417 .001 .175 
10-2 474.975 139.356 3.408 .001 .180 
13-2 472.892 139.356 3.393 .001 .191 
10-1 467.953 139.356 3.358 .001 .217 
1-17 -466.972 139.356 -3.351 .001 .222 
23-5 467.600 139.589 3.350 .001 .223 
13-1 465.870 139.356 3.343 .001 .229 
2-17 -459.950 139.356 -3.301 .001 .266 
9-2 453.296 139.356 3.253 .001 .315 
9-1 446.274 139.356 3.202 .001 .376 
15-23 -444.994 139.742 -3.184 .001 .400 
7-21 -443.565 139.511 -3.179 .001 .407 
11-2 440.635 139.356 3.162 .002 .433 
14-23 -441.590 139.742 -3.160 .002 .435 
11-1 433.613 139.356 3.112 .002 .514 
7-0 432.723 139.203 3.109 .002 .519 
3-5 -429.909 139.203 -3.088 .002 .555 
7-20 -426.768 139.511 -3.059 .002 .613 
7-22 -423.993 139.589 -3.037 .002 .659 
7-16 -415.250 139.356 -2.980 .003 .796 
15-6 406.049 139.356 2.914 .004 .986 
12-8 18.076 139.510 .130 .897 1.000 
12-10 26.270 139.510 .188 .851 1.000 
12-13 -28.353 139.510 -.203 .839 1.000 
12-9 47.949 139.510 .344 .731 1.000 
12-11 60.610 139.510 .434 .664 1.000 
12-7 141.059 139.356 1.012 .311 1.000 
12-15 -252.393 139.510 -1.809 .070 1.000 
12-14 -255.797 139.510 -1.834 .067 1.000 
8-10 -8.194 139.510 -.059 .953 1.000 
8-13 -10.277 139.510 -.074 .941 1.000 
8-9 -29.873 139.510 -.214 .830 1.000 
8-11 -42.534 139.510 -.305 .760 1.000 
8-7 122.983 139.356 .883 .378 1.000 
8-15 -234.317 139.510 -1.680 .093 1.000 
8-14 -237.721 139.510 -1.704 .088 1.000 
10-13 -2.083 139.510 -.015 .988 1.000 
10-9 21.679 139.510 .155 .877 1.000 
10-11 -34.340 139.510 -.246 .806 1.000 
10-7 114.788 139.356 .824 .410 1.000 
10-15 -226.123 139.510 -1.621 .105 1.000 
10-14 -229.526 139.510 -1.645 .100 1.000 
13-9 19.596 139.510 .140 .888 1.000 
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13-11 32.257 139.510 .231 .817 1.000 
13-7 112.706 139.356 .809 .419 1.000 
13-15 -224.040 139.510 -1.606 .108 1.000 
13-14 -227.444 139.510 -1.630 .103 1.000 
9-11 -12.661 139.510 -.091 .928 1.000 
9-7 93.110 139.356 .668 .504 1.000 
9-15 -204.444 139.510 -1.465 .143 1.000 
9-14 -207.848 139.510 -1.490 .136 1.000 
11-7 80.448 139.356 .577 .564 1.000 
11-15 -191.783 139.510 -1.375 .169 1.000 
11-14 -195.187 139.510 -1.399 .162 1.000 
7-15 -111.334 139.356 -.799 .424 1.000 
7-14 -114.738 139.356 -.823 .410 1.000 
7-1 353.165 139.203 2.537 .011 1.000 
7-2 360.187 139.203 2.588 .010 1.000 
15-14 3.404 139.510 .024 .981 1.000 
15-1 241.831 139.356 1.735 .083 1.000 
15-2 248.853 139.356 1.786 .074 1.000 
15-16 -303.916 139.510 -2.178 .029 1.000 
15-22 -312.658 139.742 -2.237 .025 1.000 
15-20 -315.434 139.664 -2.259 .024 1.000 
15-0 321.389 139.356 2.306 .021 1.000 
15-21 -332.231 139.664 -2.379 .017 1.000 
14-1 238.427 139.356 1.711 .087 1.000 
14-2 245.449 139.356 1.761 .078 1.000 
14-16 -300.512 139.510 -2.154 .031 1.000 
14-22 -309.254 139.742 -2.213 .027 1.000 
14-20 -312.030 139.664 -2.234 .025 1.000 
14-0 317.985 139.356 2.282 .023 1.000 
14-21 -328.827 139.664 -2.354 .019 1.000 
14-6 402.645 139.356 2.889 .004 1.000 
1-2 -7.022 139.203 -.050 .960 1.000 
1-16 -62.085 139.356 -.446 .656 1.000 
1-22 -70.828 139.589 -.507 .612 1.000 
1-20 -73.603 139.511 -.528 .598 1.000 
1-0 79.558 139.203 .572 .568 1.000 
1-21 -90.400 139.511 -.648 .517 1.000 
1-6 -164.219 139.203 -1.180 .238 1.000 
1-23 -203.163 139.589 -1.455 .146 1.000 
1-3 -240.855 139.203 -1.730 .084 1.000 
1-19 -269.882 139.433 -1.936 .053 1.000 
2-16 -55.063 139.356 -.395 .693 1.000 
2-22 -63.806 139.589 -.457 .648 1.000 
2-20 -66.581 139.511 -.477 .633 1.000 
2-0 72.536 139.203 .521 .602 1.000 
2-21 -83.378 139.511 -.598 .550 1.000 
63 
 
2-6 -157.197 139.203 -1.129 .259 1.000 
2-23 -196.141 139.589 -1.405 .160 1.000 
2-3 -233.833 139.203 -1.680 .093 1.000 
2-19 -262.860 139.433 -1.885 .059 1.000 
16-22 -8.742 139.742 -.063 .950 1.000 
16-20 -11.517 139.664 -.082 .934 1.000 
16-0 17.473 139.356 .125 .900 1.000 
16-21 -28.315 139.664 -.203 .839 1.000 
16-6 102.133 139.356 .733 .464 1.000 
16-23 -141.078 139.742 -1.010 .313 1.000 
16-3 178.770 139.356 1.283 .200 1.000 
16-19 -207.797 139.587 -1.489 .137 1.000 
16-17 -404.886 139.510 -2.902 .004 1.000 
22-20 2.775 139.896 .020 .984 1.000 
22-0 8.731 139.589 .063 .950 1.000 
22-21 19.572 139.896 .140 .889 1.000 
22-6 93.391 139.589 .669 .503 1.000 
22-23 -132.336 139.974 -.945 .344 1.000 
22-3 170.027 139.589 1.218 .223 1.000 
22-19 199.055 139.819 1.424 .155 1.000 
22-17 396.144 139.742 2.835 .005 1.000 
20-0 5.955 139.511 .043 .966 1.000 
20-21 -16.797 139.819 -.120 .904 1.000 
20-6 90.616 139.511 .650 .516 1.000 
20-23 -129.560 139.896 -.926 .354 1.000 
20-3 167.252 139.511 1.199 .231 1.000 
20-19 196.279 139.741 1.405 .160 1.000 
20-17 393.369 139.664 2.817 .005 1.000 
0-21 -10.842 139.511 -.078 .938 1.000 
0-6 -84.660 139.203 -.608 .543 1.000 
0-23 -123.605 139.589 -.885 .376 1.000 
0-3 -161.297 139.203 -1.159 .247 1.000 
0-19 -190.324 139.433 -1.365 .172 1.000 
0-17 -387.413 139.356 -2.780 .005 1.000 
21-6 73.819 139.511 .529 .597 1.000 
21-23 -112.763 139.896 -.806 .420 1.000 
21-3 150.455 139.511 1.078 .281 1.000 
21-19 179.482 139.741 1.284 .199 1.000 
21-17 376.572 139.664 2.696 .007 1.000 
6-23 -38.945 139.589 -.279 .780 1.000 
6-3 76.636 139.203 .551 .582 1.000 
6-19 -105.664 139.433 -.758 .449 1.000 
6-17 -302.753 139.356 -2.173 .030 1.000 
23-3 37.692 139.589 .270 .787 1.000 
23-19 66.719 139.819 .477 .633 1.000 
23-17 263.808 139.742 1.888 .059 1.000 
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3-19 -29.027 139.433 -.208 .835 1.000 
3-17 -226.117 139.356 -1.623 .105 1.000 
19-17 197.089 139.587 1.412 .158 1.000 
19-5 400.881 139.433 2.875 .004 1.000 
17-5 203.792 139.356 1.462 .144 1.000 
17-18 -340.560 139.510 -2.441 .015 1.000 
17-4 357.444 139.356 2.565 .010 1.000 
5-18 -136.768 139.356 -.981 .326 1.000 
5-4 153.652 139.203 1.104 .270 1.000 
18-4 16.884 139.356 .121 .904 1.000 
 
Appendix 2: Results of the Kruskal Wallis pairwise analysis of calls per 
minute and hour limiting the data to peak times. 
Sample 
1-
Sample 
2 
Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic Sig. Adj. Sig. 
12-5 1164.987 139.356 8.360 0.000 0.000 
12-18 -
1301.755 
139.510 -9.331 0.000 0.000 
12-4 1318.639 139.356 9.462 0.000 0.000 
8-18 -
1283.679 
139.510 -9.201 0.000 0.000 
8-4 1300.563 139.356 9.333 0.000 0.000 
10-18 -
1275.485 
139.510 -9.143 0.000 0.000 
10-4 1292.369 139.356 9.274 0.000 0.000 
13-18 -
1273.402 
139.510 -9.128 0.000 0.000 
13-4 1290.286 139.356 9.259 0.000 0.000 
9-18 -
1253.806 
139.510 -8.987 0.000 0.000 
9-4 1270.690 139.356 9.118 0.000 0.000 
11-18 -
1241.145 
139.510 -8.896 0.000 0.000 
11-4 1258.029 139.356 9.027 0.000 0.000 
7-18 -
1160.696 
139.356 -8.329 0.000 0.000 
7-4 1177.580 139.203 8.459 0.000 0.000 
8-5 1146.911 139.356 8.230 .000 .000 
10-5 1138.717 139.356 8.171 .000 .000 
13-5 1136.634 139.356 8.156 .000 .000 
9-5 1117.038 139.356 8.016 .000 .000 
11-5 1104.377 139.356 7.925 .000 .000 
15-4 1066.246 139.356 7.651 .000 .000 
14-4 1062.842 139.356 7.627 .000 .000 
15-18 -
1049.362 
139.510 -7.522 .000 .000 
14-18 -
1045.958 
139.510 -7.497 .000 .000 
7-5 1023.929 139.203 7.356 .000 .000 
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12-17 -961.195 139.510 -6.890 .000 .000 
8-17 -943.119 139.510 -6.760 .000 .000 
10-17 -934.925 139.510 -6.702 .000 .000 
13-17 -932.842 139.510 -6.687 .000 .000 
15-5 912.594 139.356 6.549 .000 .000 
9-17 -913.246 139.510 -6.546 .000 .000 
14-5 909.190 139.356 6.524 .000 .000 
11-17 -900.585 139.510 -6.455 .000 .000 
1-4 -824.415 139.203 -5.922 .000 .000 
7-17 -820.137 139.356 -5.885 .000 .000 
2-4 -817.393 139.203 -5.872 .000 .000 
1-18 -807.531 139.356 -5.795 .000 .000 
2-18 -800.509 139.356 -5.744 .000 .000 
12-19 -764.106 139.587 -5.474 .000 .000 
16-4 762.330 139.356 5.470 .000 .000 
22-4 753.588 139.589 5.399 .000 .000 
20-4 750.813 139.511 5.382 .000 .000 
0-4 -744.857 139.203 -5.351 .000 .000 
8-19 -746.030 139.587 -5.345 .000 .000 
16-18 -745.446 139.510 -5.343 .000 .000 
10-19 -737.835 139.587 -5.286 .000 .000 
12-3 735.079 139.356 5.275 .000 .000 
22-18 736.704 139.742 5.272 .000 .000 
13-19 -735.753 139.587 -5.271 .000 .000 
21-4 734.015 139.511 5.261 .000 .000 
20-18 733.928 139.664 5.255 .000 .000 
0-18 -727.973 139.356 -5.224 .000 .000 
8-3 717.002 139.356 5.145 .000 .000 
21-18 717.131 139.664 5.135 .000 .000 
9-19 -716.157 139.587 -5.131 .000 .000 
10-3 708.808 139.356 5.086 .000 .000 
15-17 -708.802 139.510 -5.081 .000 .000 
13-3 706.725 139.356 5.071 .000 .000 
14-17 -705.398 139.510 -5.056 .000 .000 
11-19 -703.496 139.587 -5.040 .000 .000 
12-23 -697.387 139.742 -4.991 .000 .000 
9-3 687.129 139.356 4.931 .000 .000 
8-23 -679.311 139.742 -4.861 .000 .000 
11-3 674.468 139.356 4.840 .000 .000 
1-5 -670.764 139.203 -4.819 .000 .000 
10-23 -671.117 139.742 -4.803 .000 .000 
13-23 -669.034 139.742 -4.788 .000 .000 
2-5 -663.742 139.203 -4.768 .000 .001 
6-4 660.197 139.203 4.743 .000 .001 
12-6 658.442 139.356 4.725 .000 .001 
9-23 -649.438 139.742 -4.647 .000 .001 
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6-18 -643.313 139.356 -4.616 .000 .001 
8-6 640.366 139.356 4.595 .000 .001 
11-23 -636.777 139.742 -4.557 .000 .001 
10-6 632.172 139.356 4.536 .000 .002 
13-6 630.089 139.356 4.521 .000 .002 
7-19 -623.047 139.433 -4.468 .000 .002 
23-4 621.252 139.589 4.451 .000 .002 
9-6 610.493 139.356 4.381 .000 .003 
16-5 608.678 139.356 4.368 .000 .003 
23-18 604.368 139.742 4.325 .000 .004 
22-5 599.936 139.589 4.298 .000 .005 
11-6 597.832 139.356 4.290 .000 .005 
20-5 597.161 139.511 4.280 .000 .005 
7-3 594.020 139.203 4.267 .000 .005 
0-5 -591.205 139.203 -4.247 .000 .006 
3-4 -583.560 139.203 -4.192 .000 .008 
12-21 -584.624 139.664 -4.186 .000 .008 
21-5 580.364 139.511 4.160 .000 .009 
12-0 573.782 139.356 4.117 .000 .011 
3-18 -566.676 139.356 -4.066 .000 .013 
12-20 -567.826 139.664 -4.066 .000 .013 
8-21 -566.547 139.664 -4.056 .000 .014 
12-22 -565.051 139.742 -4.044 .000 .015 
10-21 -558.353 139.664 -3.998 .000 .018 
8-0 555.706 139.356 3.988 .000 .018 
12-16 -556.309 139.510 -3.988 .000 .018 
7-23 -556.328 139.589 -3.985 .000 .019 
13-21 -556.270 139.664 -3.983 .000 .019 
19-4 554.533 139.433 3.977 .000 .019 
8-20 -549.750 139.664 -3.936 .000 .023 
10-0 547.511 139.356 3.929 .000 .024 
8-22 -546.975 139.742 -3.914 .000 .025 
13-0 545.429 139.356 3.914 .000 .025 
10-20 -541.556 139.664 -3.878 .000 .029 
13-20 -539.473 139.664 -3.863 .000 .031 
8-16 -538.233 139.510 -3.858 .000 .032 
10-22 -538.781 139.742 -3.856 .000 .032 
19-18 537.649 139.587 3.852 .000 .032 
9-21 -536.674 139.664 -3.843 .000 .034 
13-22 -536.698 139.742 -3.841 .000 .034 
10-16 -530.039 139.510 -3.799 .000 .040 
13-16 -527.956 139.510 -3.784 .000 .043 
9-0 525.833 139.356 3.773 .000 .044 
11-21 -524.013 139.664 -3.752 .000 .048 
9-20 -519.877 139.664 -3.722 .000 .054 
7-6 517.384 139.203 3.717 .000 .056 
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9-22 -517.102 139.742 -3.700 .000 .059 
11-0 513.172 139.356 3.682 .000 .064 
15-19 -511.713 139.587 -3.666 .000 .068 
9-16 -508.360 139.510 -3.644 .000 .074 
14-19 -508.309 139.587 -3.642 .000 .075 
6-5 506.545 139.203 3.639 .000 .076 
11-20 -507.216 139.664 -3.632 .000 .078 
11-22 -504.441 139.742 -3.610 .000 .085 
12-2 501.246 139.356 3.597 .000 .089 
11-16 -495.699 139.510 -3.553 .000 .105 
12-1 494.224 139.356 3.546 .000 .108 
8-2 483.169 139.356 3.467 .001 .145 
15-3 482.686 139.356 3.464 .001 .147 
14-3 479.282 139.356 3.439 .001 .161 
8-1 476.147 139.356 3.417 .001 .175 
10-2 474.975 139.356 3.408 .001 .180 
13-2 472.892 139.356 3.393 .001 .191 
10-1 467.953 139.356 3.358 .001 .217 
1-17 -466.972 139.356 -3.351 .001 .222 
23-5 467.600 139.589 3.350 .001 .223 
13-1 465.870 139.356 3.343 .001 .229 
2-17 -459.950 139.356 -3.301 .001 .266 
9-2 453.296 139.356 3.253 .001 .315 
9-1 446.274 139.356 3.202 .001 .376 
15-23 -444.994 139.742 -3.184 .001 .400 
7-21 -443.565 139.511 -3.179 .001 .407 
11-2 440.635 139.356 3.162 .002 .433 
14-23 -441.590 139.742 -3.160 .002 .435 
11-1 433.613 139.356 3.112 .002 .514 
7-0 432.723 139.203 3.109 .002 .519 
3-5 -429.909 139.203 -3.088 .002 .555 
7-20 -426.768 139.511 -3.059 .002 .613 
7-22 -423.993 139.589 -3.037 .002 .659 
7-16 -415.250 139.356 -2.980 .003 .796 
15-6 406.049 139.356 2.914 .004 .986 
12-8 18.076 139.510 .130 .897 1.000 
12-10 26.270 139.510 .188 .851 1.000 
12-13 -28.353 139.510 -.203 .839 1.000 
12-9 47.949 139.510 .344 .731 1.000 
12-11 60.610 139.510 .434 .664 1.000 
12-7 141.059 139.356 1.012 .311 1.000 
12-15 -252.393 139.510 -1.809 .070 1.000 
12-14 -255.797 139.510 -1.834 .067 1.000 
8-10 -8.194 139.510 -.059 .953 1.000 
8-13 -10.277 139.510 -.074 .941 1.000 
8-9 -29.873 139.510 -.214 .830 1.000 
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8-11 -42.534 139.510 -.305 .760 1.000 
8-7 122.983 139.356 .883 .378 1.000 
8-15 -234.317 139.510 -1.680 .093 1.000 
8-14 -237.721 139.510 -1.704 .088 1.000 
10-13 -2.083 139.510 -.015 .988 1.000 
10-9 21.679 139.510 .155 .877 1.000 
10-11 -34.340 139.510 -.246 .806 1.000 
10-7 114.788 139.356 .824 .410 1.000 
10-15 -226.123 139.510 -1.621 .105 1.000 
10-14 -229.526 139.510 -1.645 .100 1.000 
13-9 19.596 139.510 .140 .888 1.000 
13-11 32.257 139.510 .231 .817 1.000 
13-7 112.706 139.356 .809 .419 1.000 
13-15 -224.040 139.510 -1.606 .108 1.000 
13-14 -227.444 139.510 -1.630 .103 1.000 
9-11 -12.661 139.510 -.091 .928 1.000 
9-7 93.110 139.356 .668 .504 1.000 
9-15 -204.444 139.510 -1.465 .143 1.000 
9-14 -207.848 139.510 -1.490 .136 1.000 
11-7 80.448 139.356 .577 .564 1.000 
11-15 -191.783 139.510 -1.375 .169 1.000 
11-14 -195.187 139.510 -1.399 .162 1.000 
7-15 -111.334 139.356 -.799 .424 1.000 
7-14 -114.738 139.356 -.823 .410 1.000 
7-1 353.165 139.203 2.537 .011 1.000 
7-2 360.187 139.203 2.588 .010 1.000 
15-14 3.404 139.510 .024 .981 1.000 
15-1 241.831 139.356 1.735 .083 1.000 
15-2 248.853 139.356 1.786 .074 1.000 
15-16 -303.916 139.510 -2.178 .029 1.000 
15-22 -312.658 139.742 -2.237 .025 1.000 
15-20 -315.434 139.664 -2.259 .024 1.000 
15-0 321.389 139.356 2.306 .021 1.000 
15-21 -332.231 139.664 -2.379 .017 1.000 
14-1 238.427 139.356 1.711 .087 1.000 
14-2 245.449 139.356 1.761 .078 1.000 
14-16 -300.512 139.510 -2.154 .031 1.000 
14-22 -309.254 139.742 -2.213 .027 1.000 
14-20 -312.030 139.664 -2.234 .025 1.000 
14-0 317.985 139.356 2.282 .023 1.000 
14-21 -328.827 139.664 -2.354 .019 1.000 
14-6 402.645 139.356 2.889 .004 1.000 
1-2 -7.022 139.203 -.050 .960 1.000 
1-16 -62.085 139.356 -.446 .656 1.000 
1-22 -70.828 139.589 -.507 .612 1.000 
1-20 -73.603 139.511 -.528 .598 1.000 
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1-0 79.558 139.203 .572 .568 1.000 
1-21 -90.400 139.511 -.648 .517 1.000 
1-6 -164.219 139.203 -1.180 .238 1.000 
1-23 -203.163 139.589 -1.455 .146 1.000 
1-3 -240.855 139.203 -1.730 .084 1.000 
1-19 -269.882 139.433 -1.936 .053 1.000 
2-16 -55.063 139.356 -.395 .693 1.000 
2-22 -63.806 139.589 -.457 .648 1.000 
2-20 -66.581 139.511 -.477 .633 1.000 
2-0 72.536 139.203 .521 .602 1.000 
2-21 -83.378 139.511 -.598 .550 1.000 
2-6 -157.197 139.203 -1.129 .259 1.000 
2-23 -196.141 139.589 -1.405 .160 1.000 
2-3 -233.833 139.203 -1.680 .093 1.000 
2-19 -262.860 139.433 -1.885 .059 1.000 
16-22 -8.742 139.742 -.063 .950 1.000 
16-20 -11.517 139.664 -.082 .934 1.000 
16-0 17.473 139.356 .125 .900 1.000 
16-21 -28.315 139.664 -.203 .839 1.000 
16-6 102.133 139.356 .733 .464 1.000 
16-23 -141.078 139.742 -1.010 .313 1.000 
16-3 178.770 139.356 1.283 .200 1.000 
16-19 -207.797 139.587 -1.489 .137 1.000 
16-17 -404.886 139.510 -2.902 .004 1.000 
22-20 2.775 139.896 .020 .984 1.000 
22-0 8.731 139.589 .063 .950 1.000 
22-21 19.572 139.896 .140 .889 1.000 
22-6 93.391 139.589 .669 .503 1.000 
22-23 -132.336 139.974 -.945 .344 1.000 
22-3 170.027 139.589 1.218 .223 1.000 
22-19 199.055 139.819 1.424 .155 1.000 
22-17 396.144 139.742 2.835 .005 1.000 
20-0 5.955 139.511 .043 .966 1.000 
20-21 -16.797 139.819 -.120 .904 1.000 
20-6 90.616 139.511 .650 .516 1.000 
20-23 -129.560 139.896 -.926 .354 1.000 
20-3 167.252 139.511 1.199 .231 1.000 
20-19 196.279 139.741 1.405 .160 1.000 
20-17 393.369 139.664 2.817 .005 1.000 
0-21 -10.842 139.511 -.078 .938 1.000 
0-6 -84.660 139.203 -.608 .543 1.000 
0-23 -123.605 139.589 -.885 .376 1.000 
0-3 -161.297 139.203 -1.159 .247 1.000 
0-19 -190.324 139.433 -1.365 .172 1.000 
0-17 -387.413 139.356 -2.780 .005 1.000 
21-6 73.819 139.511 .529 .597 1.000 
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21-23 -112.763 139.896 -.806 .420 1.000 
21-3 150.455 139.511 1.078 .281 1.000 
21-19 179.482 139.741 1.284 .199 1.000 
21-17 376.572 139.664 2.696 .007 1.000 
6-23 -38.945 139.589 -.279 .780 1.000 
6-3 76.636 139.203 .551 .582 1.000 
6-19 -105.664 139.433 -.758 .449 1.000 
6-17 -302.753 139.356 -2.173 .030 1.000 
23-3 37.692 139.589 .270 .787 1.000 
23-19 66.719 139.819 .477 .633 1.000 
23-17 263.808 139.742 1.888 .059 1.000 
3-19 -29.027 139.433 -.208 .835 1.000 
3-17 -226.117 139.356 -1.623 .105 1.000 
19-17 197.089 139.587 1.412 .158 1.000 
19-5 400.881 139.433 2.875 .004 1.000 
17-5 203.792 139.356 1.462 .144 1.000 
17-18 -340.560 139.510 -2.441 .015 1.000 
17-4 357.444 139.356 2.565 .010 1.000 
5-18 -136.768 139.356 -.981 .326 1.000 
5-4 153.652 139.203 1.104 .270 1.000 
18-4 16.884 139.356 .121 .904 1.000 
 
Appendix 3: Results of the Kruskal Wallis pairwise analysis of calls per 
minute and hour limiting the data to off-peak times. 
Sample 
1-
Sample 
2 
Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic Sig. Adj. Sig. 
9-4 1300.209 122.902 10.579 0.000 0.000 
9-18 -
1346.388 
123.150 -10.933 0.000 0.000 
8-4 1286.146 122.902 10.465 0.000 0.000 
8-18 -
1332.325 
123.150 -10.819 0.000 0.000 
12-4 1263.596 122.902 10.281 0.000 0.000 
12-18 -
1309.774 
123.150 -10.636 0.000 0.000 
11-4 1254.841 122.902 10.210 0.000 0.000 
11-18 -
1301.020 
123.150 -10.564 0.000 0.000 
10-4 1238.575 122.902 10.078 0.000 0.000 
10-18 -
1284.754 
123.150 -10.432 0.000 0.000 
13-4 1229.781 122.902 10.006 0.000 0.000 
13-18 -
1275.959 
123.150 -10.361 0.000 0.000 
7-4 1181.677 122.653 9.634 0.000 0.000 
7-18 -
1227.856 
122.902 -9.991 0.000 0.000 
14-4 1097.020 122.902 8.926 0.000 0.000 
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14-18 -
1143.199 
123.150 -9.283 0.000 0.000 
15-4 1045.882 122.902 8.510 0.000 0.000 
15-18 -
1092.061 
123.150 -8.868 0.000 0.000 
9-5 945.538 122.902 7.693 .000 .000 
8-5 931.475 122.902 7.579 .000 .000 
12-5 908.924 122.902 7.396 .000 .000 
11-5 900.170 122.902 7.324 .000 .000 
10-5 883.904 122.902 7.192 .000 .000 
9-17 -881.435 123.150 -7.157 .000 .000 
13-5 875.109 122.902 7.120 .000 .000 
8-17 -867.372 123.150 -7.043 .000 .000 
6-18 -865.001 122.902 -7.038 .000 .000 
9-19 -855.014 123.150 -6.943 .000 .000 
12-17 -844.821 123.150 -6.860 .000 .000 
8-19 -840.951 123.150 -6.829 .000 .000 
11-17 -836.067 123.150 -6.789 .000 .000 
7-5 827.006 122.653 6.743 .000 .000 
6-4 818.823 122.653 6.676 .000 .000 
10-17 -819.801 123.150 -6.657 .000 .000 
12-19 -818.400 123.150 -6.646 .000 .000 
13-17 -811.006 123.150 -6.586 .000 .000 
11-19 -809.646 123.150 -6.574 .000 .000 
9-23 -802.587 123.276 -6.510 .000 .000 
1-18 -795.128 122.902 -6.470 .000 .000 
10-19 -793.380 123.150 -6.442 .000 .000 
8-23 -788.524 123.276 -6.396 .000 .000 
13-19 -784.585 123.150 -6.371 .000 .000 
2-18 -773.068 122.902 -6.290 .000 .000 
16-18 -765.376 123.150 -6.215 .000 .000 
12-23 -765.973 123.276 -6.213 .000 .000 
7-17 -762.903 122.902 -6.207 .000 .000 
11-23 -757.219 123.276 -6.142 .000 .000 
1-4 -748.950 122.653 -6.106 .000 .000 
9-3 743.357 122.902 6.048 .000 .000 
14-5 742.349 122.902 6.040 .000 .000 
10-23 -740.953 123.276 -6.011 .000 .000 
7-19 -736.482 122.902 -5.992 .000 .000 
0-18 -733.780 122.902 -5.970 .000 .000 
13-23 -732.158 123.276 -5.939 .000 .000 
8-3 729.294 122.902 5.934 .000 .000 
2-4 -726.889 122.653 -5.926 .000 .000 
16-4 719.197 122.902 5.852 .000 .000 
12-3 706.743 122.902 5.750 .000 .000 
11-3 697.989 122.902 5.679 .000 .000 
15-5 691.211 122.902 5.624 .000 .000 
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20-18 692.993 123.276 5.621 .000 .000 
0-4 -687.601 122.653 -5.606 .000 .000 
21-18 686.520 123.276 5.569 .000 .000 
7-23 -684.055 123.028 -5.560 .000 .000 
10-3 681.722 122.902 5.547 .000 .000 
14-17 -678.246 123.150 -5.507 .000 .000 
13-3 672.928 122.902 5.475 .000 .000 
9-22 -674.932 123.276 -5.475 .000 .000 
22-18 671.456 123.276 5.447 .000 .000 
8-22 -660.869 123.276 -5.361 .000 .000 
9-21 -659.869 123.276 -5.353 .000 .000 
9-20 -653.395 123.276 -5.300 .000 .000 
14-19 -651.825 123.150 -5.293 .000 .000 
20-4 646.814 123.028 5.257 .000 .000 
8-21 -645.806 123.276 -5.239 .000 .000 
21-4 640.341 123.028 5.205 .000 .000 
8-20 -639.332 123.276 -5.186 .000 .000 
12-22 -638.318 123.276 -5.178 .000 .000 
11-22 -629.564 123.276 -5.107 .000 .000 
7-3 624.825 122.653 5.094 .000 .000 
15-17 -627.108 123.150 -5.092 .000 .000 
22-4 625.278 123.028 5.082 .000 .000 
12-21 -623.255 123.276 -5.056 .000 .000 
12-20 -616.781 123.276 -5.003 .000 .000 
11-21 -614.501 123.276 -4.985 .000 .000 
9-0 612.609 122.902 4.985 .000 .000 
10-22 -613.298 123.276 -4.975 .000 .000 
11-20 -608.027 123.276 -4.932 .000 .000 
3-18 -603.032 122.902 -4.907 .000 .000 
13-22 -604.503 123.276 -4.904 .000 .000 
15-19 -600.687 123.150 -4.878 .000 .000 
8-0 598.546 122.902 4.870 .000 .000 
14-23 -599.398 123.276 -4.862 .000 .000 
10-21 -598.234 123.276 -4.853 .000 .000 
10-20 -591.761 123.276 -4.800 .000 .000 
13-21 -589.440 123.276 -4.781 .000 .000 
13-20 -582.966 123.276 -4.729 .000 .001 
9-16 -581.012 123.150 -4.718 .000 .001 
12-0 575.995 122.902 4.687 .000 .001 
9-2 573.320 122.902 4.665 .000 .001 
11-0 567.241 122.902 4.615 .000 .001 
8-16 -566.949 123.150 -4.604 .000 .001 
8-2 559.257 122.902 4.550 .000 .001 
3-4 -556.853 122.653 -4.540 .000 .002 
7-22 -556.400 123.028 -4.523 .000 .002 
9-1 551.260 122.902 4.485 .000 .002 
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10-0 550.974 122.902 4.483 .000 .002 
15-23 -548.260 123.276 -4.447 .000 .002 
12-16 -544.398 123.150 -4.421 .000 .003 
13-0 542.180 122.902 4.411 .000 .003 
23-18 543.801 123.276 4.411 .000 .003 
7-21 -541.337 123.028 -4.400 .000 .003 
14-3 540.168 122.902 4.395 .000 .003 
8-1 537.197 122.902 4.371 .000 .003 
12-2 536.706 122.902 4.367 .000 .003 
11-16 -535.644 123.150 -4.350 .000 .004 
7-20 -534.863 123.028 -4.348 .000 .004 
11-2 527.952 122.902 4.296 .000 .005 
10-16 -519.378 123.150 -4.217 .000 .007 
12-1 514.646 122.902 4.187 .000 .008 
10-2 511.686 122.902 4.163 .000 .009 
13-16 -510.583 123.150 -4.146 .000 .009 
11-1 505.892 122.902 4.116 .000 .011 
13-2 502.891 122.902 4.092 .000 .012 
23-4 497.622 123.028 4.045 .000 .014 
7-0 494.077 122.653 4.028 .000 .016 
19-18 491.374 123.150 3.990 .000 .018 
10-1 489.626 122.902 3.984 .000 .019 
15-3 489.029 122.902 3.979 .000 .019 
9-6 481.387 122.902 3.917 .000 .025 
13-1 480.831 122.902 3.912 .000 .025 
14-22 -471.743 123.276 -3.827 .000 .036 
8-6 467.324 122.902 3.802 .000 .040 
6-5 464.151 122.653 3.784 .000 .043 
17-18 -464.953 123.150 -3.775 .000 .044 
7-16 -462.480 122.902 -3.763 .000 .046 
7-2 454.788 122.653 3.708 .000 .058 
14-21 -456.680 123.276 -3.705 .000 .058 
14-20 -450.206 123.276 -3.652 .000 .072 
19-4 445.195 122.902 3.622 .000 .081 
12-6 444.773 122.902 3.619 .000 .082 
11-6 436.019 122.902 3.548 .000 .107 
7-1 432.728 122.653 3.528 .000 .116 
10-6 419.753 122.902 3.415 .001 .176 
15-22 -420.605 123.276 -3.412 .001 .178 
17-4 418.774 122.902 3.407 .001 .181 
13-6 410.958 122.902 3.344 .001 .228 
14-0 409.420 122.902 3.331 .001 .239 
15-21 -405.541 123.276 -3.290 .001 .277 
5-18 -400.850 122.902 -3.262 .001 .306 
6-17 -400.048 122.902 -3.255 .001 .313 
15-20 -399.068 123.276 -3.237 .001 .333 
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1-5 -394.278 122.653 -3.215 .001 .361 
14-16 -377.823 123.150 -3.068 .002 .595 
6-19 -373.627 122.902 -3.040 .002 .653 
2-5 -372.218 122.653 -3.035 .002 .664 
14-2 370.131 122.902 3.012 .003 .717 
16-5 364.526 122.902 2.966 .003 .833 
7-6 362.855 122.653 2.958 .003 .854 
15-0 358.281 122.902 2.915 .004 .981 
9-8 14.063 123.150 .114 .909 1.000 
9-12 -36.614 123.150 -.297 .766 1.000 
9-11 -45.368 123.150 -.368 .713 1.000 
9-10 -61.634 123.150 -.500 .617 1.000 
9-13 -70.429 123.150 -.572 .567 1.000 
9-7 118.532 122.902 .964 .335 1.000 
9-14 -203.189 123.150 -1.650 .099 1.000 
9-15 -254.327 123.150 -2.065 .039 1.000 
8-12 -22.551 123.150 -.183 .855 1.000 
8-11 -31.305 123.150 -.254 .799 1.000 
8-10 -47.571 123.150 -.386 .699 1.000 
8-13 -56.366 123.150 -.458 .647 1.000 
8-7 104.469 122.902 .850 .395 1.000 
8-14 -189.126 123.150 -1.536 .125 1.000 
8-15 -240.264 123.150 -1.951 .051 1.000 
12-11 8.754 123.150 .071 .943 1.000 
12-10 25.020 123.150 .203 .839 1.000 
12-13 -33.815 123.150 -.275 .784 1.000 
12-7 81.918 122.902 .667 .505 1.000 
12-14 -166.575 123.150 -1.353 .176 1.000 
12-15 -217.713 123.150 -1.768 .077 1.000 
11-10 16.266 123.150 .132 .895 1.000 
11-13 -25.061 123.150 -.203 .839 1.000 
11-7 73.164 122.902 .595 .552 1.000 
11-14 -157.821 123.150 -1.282 .200 1.000 
11-15 -208.959 123.150 -1.697 .090 1.000 
10-13 -8.795 123.150 -.071 .943 1.000 
10-7 56.898 122.902 .463 .643 1.000 
10-14 -141.555 123.150 -1.149 .250 1.000 
10-15 -192.693 123.150 -1.565 .118 1.000 
13-7 48.103 122.902 .391 .696 1.000 
13-14 -132.760 123.150 -1.078 .281 1.000 
13-15 -183.898 123.150 -1.493 .135 1.000 
7-14 -84.657 122.902 -.689 .491 1.000 
7-15 -135.795 122.902 -1.105 .269 1.000 
14-15 -51.138 123.150 -.415 .678 1.000 
14-6 278.198 122.902 2.264 .024 1.000 
14-1 348.071 122.902 2.832 .005 1.000 
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15-6 227.060 122.902 1.847 .065 1.000 
15-1 296.933 122.902 2.416 .016 1.000 
15-2 318.993 122.902 2.596 .009 1.000 
15-16 -326.685 123.150 -2.653 .008 1.000 
6-1 69.873 122.653 .570 .569 1.000 
6-2 91.933 122.653 .750 .454 1.000 
6-16 -99.625 122.902 -.811 .418 1.000 
6-0 131.222 122.653 1.070 .285 1.000 
6-20 -172.008 123.028 -1.398 .162 1.000 
6-21 -178.482 123.028 -1.451 .147 1.000 
6-22 -193.545 123.028 -1.573 .116 1.000 
6-3 261.970 122.653 2.136 .033 1.000 
6-23 -321.200 123.028 -2.611 .009 1.000 
1-2 -22.060 122.653 -.180 .857 1.000 
1-16 -29.752 122.902 -.242 .809 1.000 
1-0 61.349 122.653 .500 .617 1.000 
1-20 -102.135 123.028 -.830 .406 1.000 
1-21 -108.609 123.028 -.883 .377 1.000 
1-22 -123.672 123.028 -1.005 .315 1.000 
1-3 -192.097 122.653 -1.566 .117 1.000 
1-23 -251.327 123.028 -2.043 .041 1.000 
1-19 -303.754 122.902 -2.472 .013 1.000 
1-17 -330.175 122.902 -2.686 .007 1.000 
2-16 -7.692 122.902 -.063 .950 1.000 
2-0 39.288 122.653 .320 .749 1.000 
2-20 -80.075 123.028 -.651 .515 1.000 
2-21 -86.548 123.028 -.703 .482 1.000 
2-22 -101.612 123.028 -.826 .409 1.000 
2-3 -170.036 122.653 -1.386 .166 1.000 
2-23 -229.267 123.028 -1.864 .062 1.000 
2-19 -281.694 122.902 -2.292 .022 1.000 
2-17 -308.115 122.902 -2.507 .012 1.000 
16-0 31.596 122.902 .257 .797 1.000 
16-20 -72.383 123.276 -.587 .557 1.000 
16-21 -78.856 123.276 -.640 .522 1.000 
16-22 -93.920 123.276 -.762 .446 1.000 
16-3 162.344 122.902 1.321 .187 1.000 
16-23 -221.575 123.276 -1.797 .072 1.000 
16-19 -274.002 123.150 -2.225 .026 1.000 
16-17 -300.423 123.150 -2.439 .015 1.000 
0-20 -40.786 123.028 -.332 .740 1.000 
0-21 -47.260 123.028 -.384 .701 1.000 
0-22 -62.323 123.028 -.507 .612 1.000 
0-3 -130.748 122.653 -1.066 .286 1.000 
0-23 -189.978 123.028 -1.544 .123 1.000 
0-19 -242.406 122.902 -1.972 .049 1.000 
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0-17 -268.826 122.902 -2.187 .029 1.000 
0-5 -332.929 122.653 -2.714 .007 1.000 
20-21 -6.473 123.401 -.052 .958 1.000 
20-22 -21.537 123.401 -.175 .861 1.000 
20-3 89.961 123.028 .731 .465 1.000 
20-23 -149.192 123.401 -1.209 .227 1.000 
20-19 201.619 123.276 1.636 .102 1.000 
20-17 228.040 123.276 1.850 .064 1.000 
20-5 292.143 123.028 2.375 .018 1.000 
21-22 -15.063 123.401 -.122 .903 1.000 
21-3 83.488 123.028 .679 .497 1.000 
21-23 -142.718 123.401 -1.157 .247 1.000 
21-19 195.146 123.276 1.583 .113 1.000 
21-17 221.566 123.276 1.797 .072 1.000 
21-5 285.669 123.028 2.322 .020 1.000 
22-3 68.425 123.028 .556 .578 1.000 
22-23 -127.655 123.401 -1.034 .301 1.000 
22-19 180.082 123.276 1.461 .144 1.000 
22-17 206.503 123.276 1.675 .094 1.000 
22-5 270.606 123.028 2.200 .028 1.000 
3-23 -59.230 123.028 -.481 .630 1.000 
3-19 -111.658 122.902 -.909 .364 1.000 
3-17 -138.078 122.902 -1.123 .261 1.000 
3-5 -202.181 122.653 -1.648 .099 1.000 
23-19 52.427 123.276 .425 .671 1.000 
23-17 78.848 123.276 .640 .522 1.000 
23-5 142.951 123.028 1.162 .245 1.000 
19-17 26.421 123.150 .215 .830 1.000 
19-5 90.524 122.902 .737 .461 1.000 
17-5 64.103 122.902 .522 .602 1.000 
5-4 354.671 122.653 2.892 .004 1.000 
4-18 -46.179 122.902 -.376 .707 1.000 
 
Appendix 4: Results of the Kruskal Wallis pairwise analysis comparing 
the different months of the study. 
Sample 
1-
Sample 
2 
Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic Sig. Adj. Sig. 
7.0-3.0 460.837 50.621 9.104 0.000 0.000 
7.0-14.0 -530.391 50.479 -10.507 0.000 0.000 
7.0-13.0 -564.777 49.331 -11.449 0.000 0.000 
9.0-13.0 -555.994 62.899 -8.839 0.000 0.000 
10.0-3.0 425.660 46.267 9.200 0.000 0.000 
10.0-
14.0 
-495.214 46.112 -10.739 0.000 0.000 
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10.0-
13.0 
-529.599 44.852 -11.808 0.000 0.000 
6.0-3.0 413.009 45.144 9.149 0.000 0.000 
6.0-14.0 -482.563 44.985 -10.727 0.000 0.000 
6.0-13.0 -516.948 43.693 -11.831 0.000 0.000 
8.0-14.0 -462.416 50.479 -9.161 0.000 0.000 
8.0-13.0 -496.801 49.331 -10.071 0.000 0.000 
5.0-14.0 -434.538 48.131 -9.028 0.000 0.000 
5.0-13.0 -468.923 46.925 -9.993 0.000 0.000 
11.0-
13.0 
-408.082 45.112 -9.046 0.000 0.000 
9.0-14.0 -521.609 63.804 -8.175 .000 .000 
11.0-
14.0 
-373.696 46.365 -8.060 .000 .000 
8.0-3.0 392.861 50.621 7.761 .000 .000 
5.0-3.0 364.984 48.280 7.560 .000 .000 
9.0-3.0 452.054 63.916 7.073 .000 .000 
7.0-2.0 354.433 50.621 7.002 .000 .000 
10.0-2.0 319.256 46.267 6.900 .000 .000 
6.0-2.0 306.605 45.144 6.792 .000 .000 
11.0-3.0 304.142 46.519 6.538 .000 .000 
7.0-4.0 331.903 52.815 6.284 .000 .000 
10.0-4.0 296.726 48.658 6.098 .000 .000 
6.0-4.0 284.075 47.592 5.969 .000 .000 
8.0-2.0 286.457 50.621 5.659 .000 .000 
9.0-2.0 345.651 63.916 5.408 .000 .000 
5.0-2.0 258.580 48.280 5.356 .000 .000 
7.0-1.0 389.307 76.507 5.088 .000 .000 
8.0-4.0 263.928 52.815 4.997 .000 .000 
9.0-4.0 323.121 65.668 4.921 .000 .000 
10.0-1.0 354.130 73.699 4.805 .000 .000 
4.0-13.0 -232.873 48.658 -4.786 .000 .000 
6.0-1.0 341.479 73.000 4.678 .000 .000 
5.0-4.0 236.050 50.576 4.667 .000 .000 
2.0-13.0 -210.344 46.267 -4.546 .000 .000 
9.0-1.0 380.525 85.885 4.431 .000 .001 
11.0-2.0 197.738 46.519 4.251 .000 .002 
8.0-1.0 321.331 76.507 4.200 .000 .002 
4.0-14.0 -198.488 49.822 -3.984 .000 .005 
5.0-1.0 293.454 74.979 3.914 .000 .007 
2.0-14.0 -175.959 47.489 -3.705 .000 .016 
11.0-4.0 175.208 48.898 3.583 .000 .026 
7.0-11.0 -156.695 49.567 -3.161 .002 .123 
11.0-1.0 232.612 73.858 3.149 .002 .128 
10.0-
11.0 
-121.518 45.112 -2.694 .007 .551 
4.0-3.0 128.933 49.966 2.580 .010 .770 
7.0-9.0 -8.782 66.168 -.133 .894 1.000 
7.0-10.0 -35.177 49.331 -.713 .476 1.000 
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7.0-6.0 47.828 48.279 .991 .322 1.000 
7.0-8.0 -67.976 53.435 -1.272 .203 1.000 
7.0-5.0 95.853 51.223 1.871 .061 1.000 
9.0-10.0 -26.395 62.899 -.420 .675 1.000 
9.0-6.0 39.046 62.078 .629 .529 1.000 
9.0-8.0 59.194 66.168 .895 .371 1.000 
9.0-5.0 87.071 64.394 1.352 .176 1.000 
9.0-11.0 -147.913 63.085 -2.345 .019 1.000 
10.0-6.0 12.651 43.693 .290 .772 1.000 
10.0-8.0 32.799 49.331 .665 .506 1.000 
10.0-5.0 60.676 46.925 1.293 .196 1.000 
6.0-8.0 -20.148 48.279 -.417 .676 1.000 
6.0-5.0 48.025 45.819 1.048 .295 1.000 
6.0-11.0 -108.867 43.960 -2.477 .013 1.000 
8.0-5.0 27.877 51.223 .544 .586 1.000 
8.0-11.0 -88.719 49.567 -1.790 .073 1.000 
5.0-11.0 -60.842 47.174 -1.290 .197 1.000 
4.0-2.0 22.529 49.966 .451 .652 1.000 
4.0-1.0 57.404 76.076 .755 .451 1.000 
2.0-1.0 34.874 74.569 .468 .640 1.000 
2.0-3.0 -106.404 47.640 -2.233 .026 1.000 
1.0-3.0 -71.529 74.569 -.959 .337 1.000 
1.0-14.0 -141.084 74.473 -1.894 .058 1.000 
1.0-13.0 -175.469 73.699 -2.381 .017 1.000 
3.0-14.0 -69.555 47.489 -1.465 .143 1.000 
3.0-13.0 -103.940 46.267 -2.247 .025 1.000 
14.0-
13.0 
34.385 46.112 .746 .456 1.000 
 
Appendix 5: Results of the Kruskal Wallis pairwise analysis comparing 
the different months of the study at peak calling times only. 
Sample 
1-
Sample 
2 
Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic Sig. Adj. Sig. 
7.0-3.0 460.837 50.621 9.104 0.000 0.000 
7.0-14.0 -530.391 50.479 -10.507 0.000 0.000 
7.0-13.0 -564.777 49.331 -11.449 0.000 0.000 
9.0-13.0 -555.994 62.899 -8.839 0.000 0.000 
10.0-3.0 425.660 46.267 9.200 0.000 0.000 
10.0-
14.0 
-495.214 46.112 -10.739 0.000 0.000 
10.0-
13.0 
-529.599 44.852 -11.808 0.000 0.000 
6.0-3.0 413.009 45.144 9.149 0.000 0.000 
6.0-14.0 -482.563 44.985 -10.727 0.000 0.000 
6.0-13.0 -516.948 43.693 -11.831 0.000 0.000 
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8.0-14.0 -462.416 50.479 -9.161 0.000 0.000 
8.0-13.0 -496.801 49.331 -10.071 0.000 0.000 
5.0-14.0 -434.538 48.131 -9.028 0.000 0.000 
5.0-13.0 -468.923 46.925 -9.993 0.000 0.000 
11.0-
13.0 
-408.082 45.112 -9.046 0.000 0.000 
9.0-14.0 -521.609 63.804 -8.175 .000 .000 
11.0-
14.0 
-373.696 46.365 -8.060 .000 .000 
8.0-3.0 392.861 50.621 7.761 .000 .000 
5.0-3.0 364.984 48.280 7.560 .000 .000 
9.0-3.0 452.054 63.916 7.073 .000 .000 
7.0-2.0 354.433 50.621 7.002 .000 .000 
10.0-2.0 319.256 46.267 6.900 .000 .000 
6.0-2.0 306.605 45.144 6.792 .000 .000 
11.0-3.0 304.142 46.519 6.538 .000 .000 
7.0-4.0 331.903 52.815 6.284 .000 .000 
10.0-4.0 296.726 48.658 6.098 .000 .000 
6.0-4.0 284.075 47.592 5.969 .000 .000 
8.0-2.0 286.457 50.621 5.659 .000 .000 
9.0-2.0 345.651 63.916 5.408 .000 .000 
5.0-2.0 258.580 48.280 5.356 .000 .000 
7.0-1.0 389.307 76.507 5.088 .000 .000 
8.0-4.0 263.928 52.815 4.997 .000 .000 
9.0-4.0 323.121 65.668 4.921 .000 .000 
10.0-1.0 354.130 73.699 4.805 .000 .000 
4.0-13.0 -232.873 48.658 -4.786 .000 .000 
6.0-1.0 341.479 73.000 4.678 .000 .000 
5.0-4.0 236.050 50.576 4.667 .000 .000 
2.0-13.0 -210.344 46.267 -4.546 .000 .000 
9.0-1.0 380.525 85.885 4.431 .000 .001 
11.0-2.0 197.738 46.519 4.251 .000 .002 
8.0-1.0 321.331 76.507 4.200 .000 .002 
4.0-14.0 -198.488 49.822 -3.984 .000 .005 
5.0-1.0 293.454 74.979 3.914 .000 .007 
2.0-14.0 -175.959 47.489 -3.705 .000 .016 
11.0-4.0 175.208 48.898 3.583 .000 .026 
7.0-11.0 -156.695 49.567 -3.161 .002 .123 
11.0-1.0 232.612 73.858 3.149 .002 .128 
10.0-
11.0 
-121.518 45.112 -2.694 .007 .551 
4.0-3.0 128.933 49.966 2.580 .010 .770 
7.0-9.0 -8.782 66.168 -.133 .894 1.000 
7.0-10.0 -35.177 49.331 -.713 .476 1.000 
7.0-6.0 47.828 48.279 .991 .322 1.000 
7.0-8.0 -67.976 53.435 -1.272 .203 1.000 
7.0-5.0 95.853 51.223 1.871 .061 1.000 
9.0-10.0 -26.395 62.899 -.420 .675 1.000 
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9.0-6.0 39.046 62.078 .629 .529 1.000 
9.0-8.0 59.194 66.168 .895 .371 1.000 
9.0-5.0 87.071 64.394 1.352 .176 1.000 
9.0-11.0 -147.913 63.085 -2.345 .019 1.000 
10.0-6.0 12.651 43.693 .290 .772 1.000 
10.0-8.0 32.799 49.331 .665 .506 1.000 
10.0-5.0 60.676 46.925 1.293 .196 1.000 
6.0-8.0 -20.148 48.279 -.417 .676 1.000 
6.0-5.0 48.025 45.819 1.048 .295 1.000 
6.0-11.0 -108.867 43.960 -2.477 .013 1.000 
8.0-5.0 27.877 51.223 .544 .586 1.000 
8.0-11.0 -88.719 49.567 -1.790 .073 1.000 
5.0-11.0 -60.842 47.174 -1.290 .197 1.000 
4.0-2.0 22.529 49.966 .451 .652 1.000 
4.0-1.0 57.404 76.076 .755 .451 1.000 
2.0-1.0 34.874 74.569 .468 .640 1.000 
2.0-3.0 -106.404 47.640 -2.233 .026 1.000 
1.0-3.0 -71.529 74.569 -.959 .337 1.000 
1.0-14.0 -141.084 74.473 -1.894 .058 1.000 
1.0-13.0 -175.469 73.699 -2.381 .017 1.000 
3.0-14.0 -69.555 47.489 -1.465 .143 1.000 
3.0-13.0 -103.940 46.267 -2.247 .025 1.000 
14.0-
13.0 
34.385 46.112 .746 .456 1.000 
 
Appendix 6: Results of the Kruskal Wallis pairwise analysis comparing 
calls per minute between different sites. 
Sample 
1-
Sample 
2 
Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic Sig. Adj. Sig. 
bbn2-
con5 
-
1152.683 
92.979 -12.397 0.000 0.000 
bbn2-
bbn1 1274.038 98.089 12.989 0.000 0.000 
bbn2-
con2 
-
1424.267 
91.993 -15.482 0.000 0.000 
bbn2-
con1 
-
1898.128 
101.521 -18.697 0.000 0.000 
NAR-
con5 
-
1134.637 
97.569 -11.629 0.000 0.000 
NAR-
bbn1 
-
1255.992 
102.450 -12.260 0.000 0.000 
NAR-
con2 
-
1406.220 
96.630 -14.553 0.000 0.000 
NAR-
con1 
-
1880.082 
105.741 -17.780 0.000 0.000 
spr3-
bbn1 
871.620 97.070 8.979 0.000 0.000 
spr3-
con2 
1021.849 90.906 11.241 0.000 0.000 
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spr3-
con1 1495.711 100.537 14.877 0.000 0.000 
con3-
con2 821.623 89.902 9.139 0.000 0.000 
con3-
con1 1295.485 99.631 13.003 0.000 0.000 
spr2-
con1 1214.388 100.075 12.135 0.000 0.000 
bbn3-
con1 
-
1210.184 
100.537 -12.037 0.000 0.000 
con4-
con1 1177.641 100.856 11.676 0.000 0.000 
spr2-
con2 
740.526 90.395 8.192 .000 .000 
spr3-
con5 750.266 91.903 8.164 .000 .000 
bbn3-
con2 -736.323 90.906 -8.100 .000 .000 
bbn2-
con4 -720.487 92.802 -7.764 .000 .000 
con4-
con2 703.779 91.259 7.712 .000 .000 
bbn2-
bbn3 -687.944 92.455 -7.441 .000 .000 
bbn2-
spr2 -683.740 91.952 -7.436 .000 .000 
con5-
con1 745.445 101.019 7.379 .000 .000 
NAR-
con4 -702.441 97.400 -7.212 .000 .000 
con3-
bbn1 671.395 96.131 6.984 .000 .000 
NAR-
bbn3 
-669.898 97.070 -6.901 .000 .000 
NAR-
spr2 -665.694 96.591 -6.892 .000 .000 
bbn2-
con3 -602.644 91.468 -6.589 .000 .000 
spr2-
bbn1 
590.298 96.591 6.111 .000 .000 
NAR-
con3 -584.597 96.131 -6.081 .000 .000 
con3-
con5 -550.040 90.911 -6.050 .000 .000 
bbn3-
bbn1 586.094 97.070 6.038 .000 .000 
bbn1-
con1 -624.090 105.741 -5.902 .000 .000 
con4-
bbn1 553.551 97.400 5.683 .000 .000 
spr2-
con5 468.943 91.397 5.131 .000 .000 
bbn3-
con5 -464.739 91.903 -5.057 .000 .000 
con2-
con1 473.862 100.113 4.733 .000 .000 
con4-
con5 -432.196 92.252 -4.685 .000 .000 
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bbn2-
spr3 
-402.418 92.455 -4.353 .000 .001 
NAR-
spr3 
-384.371 97.070 -3.960 .000 .005 
spr3-
con4 
318.070 91.724 3.468 .001 .035 
spr3-
bbn3 
285.527 91.374 3.125 .002 .117 
spr3-
spr2 
281.323 90.865 3.096 .002 .129 
con5-
con2 271.584 91.439 2.970 .003 .196 
bbn2-
NAR 
18.046 98.089 .184 .854 1.000 
spr3-
con3 
200.226 90.375 2.216 .027 1.000 
con3-
spr2 
-81.097 89.860 -.902 .367 1.000 
con3-
bbn3 85.301 90.375 .944 .345 1.000 
con3-
con4 -117.844 90.730 -1.299 .194 1.000 
spr2-
bbn3 
4.204 90.865 .046 .963 1.000 
spr2-
con4 
36.747 91.217 .403 .687 1.000 
bbn3-
con4 -32.543 91.724 -.355 .723 1.000 
con5-
bbn1 121.355 97.569 1.244 .214 1.000 
bbn1-
con2 -150.229 96.630 -1.555 .120 1.000 
 
 
 
